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ABSTRACT
AN INTRASEASON FORECASTING SYSTEM FOR COMMERCIAL MARINE FISHERIES
by Erik J .  Barth
Chairperson o f  supervisory  committee: Dr. P h i l l i p  R. Mundy
Department o f  Oceanography,
Old Dominion U n iv e r s ity ,  1984
The r e l i a b i l i t y  o f  an in traseason  y ie ld  e st im ation  technique which 
i s  commonly used by P a c i f i c  salmon h a r v e s t  managers i s  e v a lu a te d  f o r  
a p p l i c a b i l i t y  t o  a v a r i e t y  o f  comm ercial f i n f i s h  and c r u s ta c e a n  
f i s h e r i e s .  The es t im ation  technique i s  known as t h e  a v e r a g e  t im in g  or  
th e  a verage  perform ance  m o d e l .  The method i s  n o t  e a s i l y  r e la te d  to  
standard s t a t i s t i c a l  m odels, but does shew some s i m i l a r i t y  to  b o th  a 
s i n g l e  param eter  l i n e a r  r e g r e s s i o n  model and th e  r a t i o  estim ator o f  
sampling th eory . A comparison o f  these  models, a two param eter  l i n e a r  
m od el,  and a r e g r e s s io n  estim ator  i s  made to  determine i f  the p r e c is io n  
o f  fo r e c a s ts  o f  performance can be improved.
Forecasts  by a l l  methods are  c a l c u l a t e d  on each su c c e ss iv e  time  
in te r v a l  o f  the s e a s o n .  For a y i e l d  e s t im a t e  by th e  a v e r a g e  t im in g  
e s t i m a t o r ,  th e  c u m u la t iv e  c a tc h  o f  the current year i s  d iv ided  by the  
corresponding expected cumulative proportion o f  t o t a l  y i e l d .  The t im e  
s e r i e s  o f  expected proportions i s  c a lc u la ted  from h i s t o r i c a l  data . The 
l in e a r  model r e g re sse s  annual y ie ld  on cumulative c a t c h .  F o r e c a s t s  o f  
p e r io d  c a t c h e s ,  by s i m i l a r  methods, have a lso  been presen ted . Use o f
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the e s t im a tio n  techniques has been extended to  other measures o f  f i s h e r y  
perform ance* i n c lu d in g  c a t c h  per  u n i t  o f  e f f o r t  (CPUE) d a t a  and 
abundance data .
S t r a t i f i c a t i o n  o f  h i s t o r i c a l  da ta*  perform ed on th e  b a s i s  o f  
s t a t i s t i c a l  c r i t e r ia *  i s  used to  s e l e c t  annual d a ta  s e r i e s  t h a t  have  
p a t t e r n s  s i m i l a r  to  th e  c u r r en t  year . Such s t r a t i f i c a t i o n  i s  done in  
conjunction w ith  the r a t io  est im ator .
S ix  d i f f e r e n t  e s t i m a t o r s  o f  annual perform ance were applied  to 
f i f t y - s i x  years o f  data from s ix  d i f f e r e n t  com m ercia l f i s h e r i e s .  Two 
methods o f  f o r e c a s t i n g  perform ance f o r  each  t im e  i n t e r v a l  w ith in  a 
season were a l s o  u sed . The estim ators were e v a lu a t e d  on th e  b a s i s  o f  
t h e  mean a b s o l u t e  p e r c e n t a g e  d e v i a t i o n  (MAPD); where p e r c e n ta g e  
d e v ia t io n  i s  the f o r e c a s t i n g  e r r o r  e x p r e ss e d  a s  a p e r c e n ta g e  o f  th e  
fo r e c a s t .
A s im p le  l i n e a r  r e g r e s s i o n  model o f  annual perform ance versus  
cumulative performance fo r  each time in te r v a l  o f  the  season proved to be 
more a c c u r a te  than a l l  other methods. In general* es t im ates  improve as  
the  season progresses  but fo r  a l l  methods except th e  l i n e a r  r e g r e s s i o n  
model a r e  u n r e l i a b l e  p r ior  to  the midpoint o f  the  season . The o v e r a l l  
p r e c is io n  o f  the l in e a r  r e g r e s s io n  f o r e c a s t s  are  c o r r e l a t e d  w i t h  th e  
v a r i a b i l i t y  o f  annual performance. F is h e r ie s  which e x h ib it  conservative  
s e a s o n a l  p a t t e r n s  o f  perform ance are w e l l  s u i t e d  f o r  t h i s  t y p e  o f  
fo r e c a s t in g  regime.
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CHAPTER 1
INTRODUCTION
During the operation  o f  a commercial f i s h e r y  i t  i s  imperative that  
a manager a n t ic ip a t e  the timing (abundance per u n it  tim e) o f  th e  t a r g e t  
sp ec ie s  in  order to  make t im ely  harvest d e c is io n s .  The s im p lest  measure 
o f  abundance for  a f i s h e r y  i s  catch , therefore  f o r e c a s t s  o f  t o t a l  annual 
c a tc h  and p e r io d  c a t c h e s  are  c r i t i c a l  to harvest management. In many 
s i t u a t io n s  t h is  fo r e c a s t in g  problem i s  treated  in  a s u b j e c t i v e  manner, 
meaning th a t  t h e  f o r e c a s t in g  process depends on the manager's personal  
judgement. However a branch  o f  r e s e a r c h  which i s  d i r e c t e d  a t  t h i s  
f o r e c a s t i n g  problem  has e v o lv e d  from the  management p roced u res  for  
P a c i f ic  salmon h a r v e s ts .  A primary g o a l  o f  th e  work i s  th e  o b j e c t i v e  
d e f i n i t i o n  o f  th e  tim ing of a salmon f i s h e r y  on the  b a s i s  o f  catch  and 
f is h in g  e f f o r t  data (Vaughan 1954; Roberson and F r id g e n  1974; W alters  
and Buckingham 1975; Mundy 1979; Brannian 1982; Mundy 1982).
Accurate timing information can  th e n  be used to  p r e d i c t  annual  
y i e l d s  during  t h e  s e a s o n .  A t y p i c a l  f o r e c a s t  o f  a n n u a l  y i e l d  i s  
c a l c u l a t e d  f o r  each  time in te r v a l  by d iv id in g  the catch  o f  the current  
year to date by th e  c o r re sp o n d in g  e x p e c te d  c u m u la t iv e  p r o p o r t io n  o f  
t o t a l  y i e l d .  The time s e r ie s  o f  expected p r o p o r t i o n s ,  termed a tim e  
d en s ity  by Mundy (1 9 7 9 ) ,  i s  t r a d i t io n a l ly  based on h i s t o r i c a l  p a t t e r n s  
o f  c a tc h  and e f f o r t  (Wright 1981; Mundy 1982). Another method used for  
in tr a s e a s o n  f o r e c a s t s  o f  y i e l d  i n v o lv e s  th e  u se  o f  a s im p le  l i n e a r
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2r egress ion  o f  t o t a l  y i e l d  on c u m u la t iv e  c a t c h .  T h is  method w i l l  be 
presented as a simple a l t e r n a t iv e  to the timing model.
An unfortunate c h a r a c t e r i s t i c  o f  the in traseason  y i e ld  estim ators  
i s  t h a t  th e  e r r o r  o f  e s t i m a t i o n  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  
c u m u la t iv e  l e v e l  o f  c a t c h  (Matylewich 1982; Mundy and S ch a l ler  1983). 
This means that b o th  th e  e r r o r  o f  e s t im a t io n  and th e  u t i l i t y  o f  th e  
fo reca sts  decreases  as the season progresses .
G uidelines f o r  t h e  d e v e lo p e m e n t  o f  a f o r e c a s t i n g  sy s te m  as  
presented by Jenkins (1979) are in  Table 1. The purpose  o f  t h i s  s tu d y
t
i s  t o  d i s c u s s  t h e  a p p l i c a t i o n  o f  t h e s e  g u i d e l i n e s  t o  i n t r a s e a s o n  
f o r e c a s t in g  o f  com m ercia l f i s h e r i e s  d a t a .  S p e c i f i c a l l y ,  t h i s  w i l l  
e n t a i l  the eva lu ation  o f  the average timing model, the l in e a r  r e g r e ss io n  
model, and two r e la ted  sampling theory m ethods. The f o r e c a s t  m ethods  
w i l l  be a p p l ie d  to  t im e  s e r i e s  o f  c a tc h e s  and CPUE from commercial 
f i n f i s h  and crustacean f i s h e r i e s .
The r e l a t i v e  im p o r t a n c e  o f  t h e  m eth o d s  i s  n o t  n e c e s s a r i l y  
dependent on th e ir  a b i l i t y  to a c cu ra te ly  f o r e c a s t  f i s h e r y  s t a t i s t i c s .  
The d e s i r a b l e  a t t r i b u t e  o f  th e  f o r e c a s t i n g  sy stem  a lso  in c lu d es  the  
c a p a b i l i ty  to ch a r a c te r iz e  the s e a s o n a l i ty  o f  a f i s h e r y  and i t s  d a t a .  
The u s e  o f  t h e s e  m odels  f o r c e s  a c a r e f u l  lo o k  a t  th e  i n t r a s e a s o n  
v a r ia b i l i t y  in  the f i s h e r i e s  data and most importantly a l o g i c a l  s e a r c h  
fo r  the  s o u r c e s  o f  v a r i a b i l i t y .  S in c e  the  operations are r e l a t i v e l y  
sim ple, they are more understandable than a purely s t a t i s t i c a l  procedure  
such as modern t im e  s e r i e s  a n a l y s i s  (J e n k in s  1 9 7 9 ) ,  which  se ek s  to  
optim ize s t a t i s t i c a l  c r i t e r i a .  U n fo r t u n a t e ly ,  t y p i c a l  t im e  s e r i e s  
m odels have reach ed  an amazing l e v e l  o f  s o p h i s t i c a t i o n  y e t  have not  
g r e a t ly  increased accuracy o f  fo r e c a s ts  (Beeston 1 9 8 3 ) .  The s a c r i f i c e
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3o f  the understanding and in te r e s t  o f  the reg u la to r s  and s c i e n t i s t s  who 
are  c l o s e  t o  th e  d a ta  i s  not compensated fo r  by the increased accuracy 
or p r e c is io n  o f  the s o p h is t ic a te d  m odels . For th e  com m ercial f i s h i n g  
i n d u s t r y ,  a h i g h l y  d e c e n t r a l i z e d  e n t i t y ,  i t  i s  important that sim ple,  
e f f e c t i v e  a l t e r n a t iv e s  are not ignored.
Table 1. Some g u id e l in e s  for  the developement o f  a fo re c a s t in g  system  
(Jenkins 1979).
1 . Analyze d e c is io n  taking system served by fo r e c a s ts
2 . D efine fo r e c a s ts  needed to serve d e c is io n  taking system
3. Develop conceptual model describ ing  mechanisms in flu en c in g  fo r e c a s ts
4 .  Define data a v a i la b le  and not a v a i la b le
5. Develop method for  generating fo r e c a s ts
6 .  Conduct experiments to  a sses s  accuracy o f  fo r e c a s ts
7 .  Determine how judgements are to  be incorporated in to  fo re c a s ts
8 .  Implement fo re c a s t in g  system
9 . Appraise r e tr o s p e c t iv e ly  i t s  e f f e c t iv e n e s s
Forecasting  F ishery  Dynamics
Forecasting  f i s h e r y  dynamics i s  a r e l a t i v e l y  new area o f  research  
in  commercial f i s h e r i e s  management. Consequently, f o r e c a s t i n g  methods  
which have been  d e v e lo p e d  fo r  other in d u s tr ie s  are being in v e st ig a te d  
for  t h e ir  a p p l i c a b i l i t y  to f i s h e r ie s  data . To complement such r e s e a r c h  
i n t u i t i v e  f o r e c a s t i n g  techniques which are curren tly  used by f i s h e r ie s  
managers sh o u ld  be  a n a ly z ed  to  a s s e s s  t h e i r  a c c u r a cy  and to  a l l o w  
comparisons w ith  a l t e r n a t iv e  methods.
F ishery  d y n a m ic s  i s  s o l e l y  con cern ed  w i t h  u n d er s ta n d in g  th e
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4behavior o f  a time s e r i e s  o f  c a t c h  s t a t i s t i c s .  The g o a l  o f  f i s h e r y  
f o r e c a s t i n g  i s  to  d e term in e  i f  accurate f o r e c a s t s  o f  catch s t a t i s t i c s  
can be based on h i s t o r i c a l  pa tterns  o f  c a t c h  s t a t i s t i c s  ( S a i l a  e t  a l ,  
1980). This approach stands in  d ir e c t  co n tra st  to  t r a d it io n a l  f i s h e r i e s  
research  which has sought to model the dynamics o f  th e  p o p u la t io n  from  
which catch  has been removed.
Forecasting  on th e  b a s i s  o f  h i s t o r i c a l  data has brought research  
in to  t h e  realm  o f  s t a t i s t i c a l  a n a l y s i s  where th e  fre q u en cy  o f  p a s t  
e v e n t s  i s  u sed  to  e s t im a t e  th e  p r o b a b i l i t y  o f  f u tu r e  e v e n t s .  Such 
methods o f  a n a ly s is  are more fa m il ia r  to  the f i s h e r i e s  manager s in c e  h is  
e v a lu a t i o n s  o f  a re g u la to r y  s i t u a t io n  are dependent on exper ience . In 
e f f e c t ,  e x p e r ie n c e  i s  a c o m p i la t io n  o f  p a s t  e v e n t s ,  a r e c o r d  o f  
h i s t o r i c a l  p er form an ce , w hich i s  most u s e f u l  f o r  p r e d i c t i n g  fu tu re  
e v e n t s .  A lthough  s t a t i s t i c a l  methods and a m a n a g e r 's  e x p e r i e n c e  
f u n c t i o n  in  the  same manner, s t a t i s t i c s  have th e  advantage o f  being  
q u a n t i f i a b l e  and r e p r o d u c ib le .  S t a t i s t i c s  a r e  c a l c u l a t e d  by  an 
e s ta b l ish e d  s e t  o f  r u le s  which are e a s i l y  documentable.
F orecasting  t e c h n iq u e s  u sed  by m anagers need  to  be q u a n t i f ie d .  
The q u a n t i f ic a t io n  may invo lve  searching f o r  s t a t i s t i c a l  m odels  w h ich  
f i t  the managers' ideas or simply the co n stru c t io n  o f  a n a r r a tiv e  o f  the  
r u l e s  f o l l o w e d  by m anagers. Not o n l y  do t h e  m e th o d s  n e e d  t o  be  
documented but a lso  the  h i s t o r i c a l  r e s u l t s .  F ish ery  p red ic t io n s  have a 
ten d e n c y  to  be f o r g o t t e n  when th e y  are  i n a c c u r a t e ,  w h i l e  t h e y  a r e  
v i v i d l y  r e c a l l e d  when a c c u r a t e .  The a c tu a l  l e v e l  o f  accuracy o f  such 
p r e d ic t io n s  tends to  become somewhat obscure as the years p a ss .
Annual y i e l d  i s  th e  most f r e q u e n t l y  fo re c a s te d  catch s t a t i s t i c .  
The time frame in  which annual y i e ld s  are fo re c a s te d  w i l l  de term in e  the
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5nature o f  the  fo re c a s t in g  p ro cess .  In p r a c t ic e ,  annual y i e l d  i s  o f t e n  
e s t im a t e d  as a fu n c tion  o f  past  annual y ie ld s  (Roff 1983; K irkley  e t  a l  
1982; S to c k e r  and H ilb o rn  1 9 8 1 ) .  Borrowing from th e  t e r m in o lo g y  o f  
b u s i n e s s  f o r e c a s t i n g ,  these  can be r e ferred  to as medium to  long range 
fo r e c a s ts  (Eby and O 'N e i l l  1977). A medium range fo r e c a s t  ( p r e - s e a s o n )  
i s  p r o j e c t e d  one year  ahead whereas long term fo r e c a s ts  are projected  
two or more years in to  the fu tu re . Such f o r e c a s ts  are  d e s i r a b l e  s i n c e  
th e  a d o p t io n  o f  extended j u r i s d ic t io n  by most n at ion s  has n e c e s s i ta te d  
i n t e r n a t i o n a l  agreem en ts  on a l l o c a t i o n  o f  f i s h e r i e s  r e s o u r c e s .  
S u c c e s s f u l  a l l o c a t i o n s  are  dependent on accurate estim ates  o f  supply 
( i e .  y i e l d ) .
Stocker and H ilb o r n  (1 9 8 1 )  o f f e r  a comparison o f  severa l  methods 
o f  medium term fo re c a s t in g  of catch per u n it  o f  e f f o r t  (CPUE) d a t a .  A 
drawback o f  p r ed ic t in g  annual CPUE i s  that est im ates  o f  annual y ie ld  can 
only be c a lc u la te d  by m ultip ly ing  by corresponding p r ed ic t io n s  o f  annual 
f i s h i n g  e f f o r t .  I r o n ic a l ly ,  annual e f f o r t  i s  as troublesome to  p r e d ic t  
as annual y i e l d .  Regardless o f  t h i s  d i f f i c u l t y ,  S tock er  and H ilb o r n  
(1981) provide one o f  the f i r s t  attem pts to  eva luate  f ish e r y  fo re c a s t in g  
techn iques. The paper compares s e v e r a l  methods which  can be  ro u g h ly  
c l a s s i f i e d  i n t o  t h r e e  g r o u p s :  s t o c k - p r o d u c t i o n  m odels;  s im p le
a u to -r e g r e ss iv e  models; and time s e r ie s  models.
Stock-production m odels ( e g .  S c h a e fe r  1 9 5 4 ,  1957; Gulland 1961) 
are  p r o d u c t s  o f  c l a s s i c a l  f i s h e r i e s  r e s e a r c h  w h ic h  r e l y  on b r o a d  
a ssu m p tion s  c o n c e r n in g  the r e a c t io n  o f  a f i s h  stock  to f is h in g  e f f o r t .  
The theory o f  th ese  models w i l l  not be covered, but there  seems to  be a 
consensus in  the l i t e r a t u r e  that they are o v e r s im p lif ie d  and b e s t  su ited  
to long term fo r e c a s t in g  (S a i la  e t  a l  1980; Mendelssohn 1980).
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CPUE to  the past v a l u e s  by s im p le  n u m er ica l  m o d e ls .  The two s im p le  
m o d e ls  s u g g e s t e d  b y  S t o c k e r  and H ilb o r n  (1 9 8 1 )  were o f  th e  form  
Ct+i=CPUEt  Et+1 an(* ^ t+ l=^* *n words the fo re c a s t  o f  next y e a r 's  catch  
(Ct + i )  i s  t h i s  y e a r ' s  c a t c h  p er  u n i t  o f  e f f o r t  (CPUEt ) m u lt ip l ie d  by 
n e x t  y e a r ' s  e f f o r t  (Et + i )  and a f o r e c a s t  o f  n e x t  y e a r 's  catch i s  an 
average o f  a l l  past  y e a r 's  c a tc h e s .  Roff (1983) posed a model s i m i l a r  
to  t h e  form er; Ct + i  was r e g r e s s e d  on CPUEt Et + i  and th e  f o l lo w in g  
p r e d ic t iv e  model was used:
Ct+j = A + B CPUEj- E^ >^2 (1 .1 )
Where A and B are the r eg ress io n  c o e f f i c i e n t s  c a lcu la ted  from h i s t o r i c a l  
d a t a .  T h is  a u toregress ive  model was shown to  p red ic t  catch c o n s is t e n t ly  
b e t te r  than severa l forms o f  the stock  production model.
The t im e s e r i e s  model proposed by Stocker and Hilborn (1981) was 
very simple and only included as another a l te r n a t iv e  to  stock  production  
m o d e ls .  A lthough  t h e  model d id  not perform  w e l l  in  r e la t io n  to  the  
others t e s t e d ,  the authors f e l t  t h a t  b e t t e r  model developem ent would  
improve i t s  r e s u l t s .
Perhaps due to  the n e c e s s i t y  o f  t a i lo r in g  time s e r ie s  and m u lt ip le  
regress ion  models to in d iv id u a l  f i s h e r i e s ,  S tock er  and H ilb o rn  (1 9 8 1 )  
o m it te d  m u l t i p l e  r e g r e s s i o n  m odels  and f a i l e d  to  v a l id a te  t h e ir  time  
s e r ie s  model. M ultip le  r e g r e s s io n  m odels  seem to  be one o f  th e  more 
common pre-season  fo re c a s t in g  t o o l s  o f  f i s h e r ie s  mangagers, although the  
r e s u l t s  u su a l ly  remain unpublished. The advantage o f  using t h e s e  m odels  
i s  t h a t  e x t e r n a l  f a c t o r s  such  as c l i m a t i c  v a r i a b l e s  can be e a s i l y
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7incorporated in to  a model. U n fortunately , g e n e r a l i t y  i s  not a c h ie v e d  
w ith o u t  a g r e a t  d e a l  of cooperation from managing agencies o f  s p e c i f i c  
f i s h e r i e s .
Two im portant concepts are brought out in  the work o f  Stocker and 
Hilborn (1981) and R off  ( 1 9 8 3 ) :  1) th e r e  i s  a need f o r  v e r y  s im p le
i n t u i t i v e  m odels  by which th e  r e la t iv e  accuracy o f  more so p h is t ic a te d  
models can be judged; and 2) th e  a n a l y s i s  o f  c a tc h  s c a le d  by e f f o r t  
(CPUE) d e fea ts  the large v a r i a b i l i t y  in  catch d ata . Although the l a t t e r  
statem ent i s  v a l i d ,  r e l i a b l e  m easures o f  annu al f i s h i n g  e f f o r t  are  
d i f f i c u l t  to  o b t a in  b e c a u se  o f  the seasonal nature o f  many f i s h e r i e s .  
As a simple example consider  a salmon f is h e r y  in  w h ich  th e  p r o b a b i l i t y  
of capture was approximately normally d is tr ib u te d  throughout the season .  
I f  one thousand  g i l l n e t  h o u r s  a r e  e x p e n d e d  a t  t h e  t a i l s  o f  t h e  
m ig r a t io n ,  th e  annual catch  would be much l e s s  than i f  the same e f f o r t  
had been expended at the peak o f  the run. S im ila r ly  th e  CPUE would be 
much l e s s  and would no longer be a proper index o f  annual performance. 
Two approaches to  t h i s  problem are to improve the measurement o f  e f f o r t  
or to  analyze catch  and e f f o r t  data on a sm aller time s c a le .
Improvement o f  measures o f  f i s h in g  e f f o r t  has been a major area o f  
research in  f i s h e r i e s ,  yet  l o g i s t i c  problems a s s o c ia t e d  w ith  co m p il in g  
and a d j u s t in g  commercial e f f o r t  data s t i l l  are unavoidable. Therefore  
i t  may be ad v isab le  to  move towards short range fo re c a s t in g  and th e  u se  
of  data recorded for time increments sm aller than a year.
Short range  f o r e c a s t in g  may a lso  be used to  p red ic t  annual y i e l d .  
The models are d eve lop ed  fo r  sh o r t  t im e s c a l e  d a ta  and as each  t im e  
increm ent p a s s e s  th e  most r e c e n t  d a ta  can be in c o r p o r a te d  in to  the  
forecast in g  p r o c e ss ,  enabling i n c r e a s i n g l y  a c c u r a te  r e c a l c u l a t i o n  o f
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Empirical m odels  f o r  seasonal data are w e l l  developed in  business  
f o r e c a s t i n g  (Eby and O ' N e i l l  1977; Lew is 1982)  and may be r o u g h l y  
c l a s s e d  as  e i t h e r  econometric or time s e r ie s  m odels. Of the two typ es,  
only time s e r i e s  a n a l y s i s  has r e c i e v e d  much a t t e n t i o n  in  f i s h e r i e s .  
R ecent papers  by S a i l a  e t  a l  (1 9 8 0 )  and M endelssohn (1 9 8 0 )  present  
a p p l ic a t io n s  o f  B ox -J en k in s  t im e s e r i e s  m odels  to  m onth ly  f i s h e r i e s  
data.
The im portant a s p e c t s  o f  th e  work o f  S a i la  e t  a l  (1980) are the  
e x c lu s iv e  use o f  CPUE data and the comparison o f  time s e r i e s  r e s u l t s  to  
a r e l a t i v e l y  s im p le  e c o n o m etr ic  model u t i l i z i n g  monthly averages of  
CPUE. The monthly average (MA) model p rojected  a t im e tren d  in  tw e lv e  
y e a r s  o f  m onth ly  CPUE d a t a .  The season a l  v a r i a b i l i t y  o f  the data was 
accounted fo r  by a v e r a g in g  r e s i d u a l s  f o r  each  month f o r  th e  tw e lv e  
y e a r s .  F o r e c a s t s  o f  monthly CPUE were c a lc u la te d  by p red ic t in g  future  
time periods by means o f  the r eg ress io n  l i n e .  The average r e s i d u a l  fo r  
the corresponding month was then added for  the f i n a l  estim ate  o f  monthly 
CPUE. Annual f o r e c a s t s  were c a lc u la ted  as the sum o f  monthly f o r e c a s t s .
The r e s u l t s  o f  t h e  MA m o d e l  w e r e  t h e n  c o m p a r e d  t o  an 
a u to -r e g r e ss iv e  in tegrated  moving average (ARIMA) model f i t t e d  to  the  
same d a t a .  S a i la  e t  a l  (1980) concluded that the ARIMA model performed 
b e t te r  than the monthly average model. A lthough  th e  a v e r a g e  a b s o lu t e  
e r r o r s  o f  m onthly  f o r e c a s t s  by the two methods fo r  1975 did not d i f f e r  
g r e a t ly ,  (MA-23%; ARIMA-18%), the fo r e c a s t s  o f  annual CPUE by th e  ARIMA 
model were n o t i c e a b l y  b e t te r  (MA-22%; ARIMA-10%) . I n t e r e s t in g ly ,  S a i la  
e t  a l  (1980) made no attempt to r e la t e  CPUE va lues  to  a c t u a l  v a l u e s  o f  
catch .
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9In a r e c e n t  s tu d y ,  by M endelssohn ( 1 9 8 0 ) ,  w hich  d id  f o r e c a s t  
monthly ca tches  th e  a v e r a g e  a b s o l u t e  e r r o r  f o r  tw e lv e  m onth ly  c a tc h  
f o r e c a s t s  was o v e r  100 p e r c e n t .  M endelssohn (1 9 8 0 )  examined th e  
r e la t io n sh ip  o f  monthly catch  and e f f o r t  f o r  a H awaiian s k ip ja c k  tuna  
f i s h e r y  by means o f  d e ta i le d  Box-Jenkins models. The goa ls  o f  the study  
were to fo r e c a s t  monthly c a tc h e s ,  p a r t ic u la r ly  during the summer months, 
and to  e s t i m a t e  annu a l y i e l d .  A u n i v a r ia t e  model o f  monthly catches  
performed as w e l l  as tra n sfe r  function  models o f  catch  and e f f o r t  d a t a .  
M e n d e ls so h n  (1 9 8 0 )  n o te d  t h a t  th e  so u r c e  o f  e r r o r  in  th e  t r a n s f e r  
f u n c t i o n  m odels  was due to  i n a b i l i t y  t o  p r e d i c t  m o n th ly  e f f o r t s  
a c c u r a t e l y .  The i n a b i l i t y  to  e f f e c t i v e l y  fo r e c a s t  f i s h in g  e f f o r t  in  
Mendelssohn's (1980) study and in  gen e r a l ,  in  f i s h e r i e s  research , i s  not  
s u r p r i s i n g  s i n c e  e f f o r t  i s  dependent on a v a r i e t y  o f  i l l - d e f i n e d ,  
in t e r a c t i n g  econom ic and c l i m a t i c  f a c t o r s  and s i n c e  many f i s h e r i e s  
operate under un lim ited  p ub lic  a c c es s .
The a l t e r n a t i v e  to  e f f o r t  e s t im a t io n  i s  short range forecast in g  
w hich  i s  b a s e d ,  f o r  th e  sake  o f  s i m p l i c i t y ,  on i n c r e m e n t a l  c a t c h  
s t a t i s t i c s .  E s t im a te s  o f  the p r e c is io n  o f  f o r e c a s t s  would n e c e s s a r i ly  
r e f l e c t  the unknown v a r i a b i l i t y  due to  e f f o r t  but should a l s o  p r o v id e  a 
r e a l i s t i c  range o f  expected y i e l d s .
The r e v ie w  o f  th ese  recent papers provides a b a s is  for  techniques  
to  be used in  research  o f  short-range f o r e c a s t i n g  in  f i s h e r i e s .  Most 
im p o r t a n t ly ,  t h e r e  i s  a need  to  d e s c r i b e  and understand the seasonal  
dynamics o f  the f i s h e r y .  Information on th e  s e a s o n a l  f i s h e r y  dynamics  
can then be used to  fo re c a s t  annual y ie ld  and period  y i e ld s  ( i e .  monthly 
c a tc h ,  weekly c a tc h ,  e t c . ) .  In add it ion  to  the po in t e s t im a te s ,  methods 
f o r  exam in ing t h e i r  p r e c i s i o n  are  n e c e s s a r y .  The a b i l i t y  to  update
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
10
fo r e c a s ts  as new information accrues i s  a lso  v i t a l  to the  u t i l i t y  o f  an 
in traseason  fo re c a s t in g  p rocess .
Intraseason Forecasting  for  Salmon Harvest Control
Forecasting  a p p r o a c h e s  w h ic h  f i t  t h e s e  c o n d i t i o n s  have been  
developed f o r  A lask an  salmon f i s h e r i e s .  The m odels  r e l y  on s im p le  
p r i n c i p l e s  and are  based on h i s t o r i c a l  p a t t e r n s  o f  catch and e f f o r t  
(Wright 1981). The most b a s ic  in traseason  f o r e c a s t i n g  m odels  used  by 
salmon harvest managers i s  the timing model. The season a l behavior o f  a 
f is h e r y  i s  defined  by a time s e r ie s  o f  percentage indexes describ ing  the  
e x p e c te d  p r o p o r t io n  o f  harvest on a g iven  time in te r v a l .  The expected  
proportion for  a time in te r v a l  i s  the f r a c t io n  o f  the harvest w h ich  has  
been h i s t o r i c a l l y  taken on the time in te r v a l .  The methodology has been 
used to d e f in e  the c h a r a c t e r i s t i c s  o f  salmon m ig r a t io n s  and i s  o f t e n  
r e f e r r e d  to  as 'r u n  t im in g ' ,  or 'en tr y  p a t te r n '  (Mundy 1979). However 
in  a general sense such time s e r ie s  are only p a r t ic u l a r  m a n i f e s t a t i o n s  
r e s u l t i n g  from th e  ap p rox im ation  o f  th e  u n d e r ly in g  form of the time 
d i s t r i b u t i o n  o f  abundance o f  th e  m ig r a t io n  by t h e  a c t i o n s  o f  t h e  
f i s h e r y .
The method may be ex ten d ed  beyond f i s h e r i e s  w h ich  e x c lu s i v e ly  
t a r g e t  spawning m ig r a t io n s  under the  r e q u irem en t  t h a t  t h e  a n n u a l  
perform ance curves o f  the f i s h e r y  d isp la y  s im ila r  behavior from year to  
year (Mundy 1983). When such i s  the c a s e ,  fo r e c a s t in g  on th e  b a s i s  o f  
average performance may be a u se fu l  harvest co n tro l  technique regard less  
of  the dependency o f  harvests  on the behavior o f  the ta rg e t  s p e c ie s ,  the
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h a rvesters ,  or both. The term ' s i m i l a r  b e h a v io r '  can be o b j e c t i v e l y  
defined; however, the ac tu a l  d e f in i t i o n  depends upon requirements o f  the  
regulatory program.
Before th e  g e n e r a l  case fo r  performance curves can be considered ,  
th e  o r i g i n  o f  th e  methods in  th e  A laskan  salmon f i s h e r i e s  m ust  be  
u n d e r s to o d .  E a r ly  in  t h e  h i s t o r y  o f  Alaskan salmon f i s h e r i e s  managers 
evaluated th e ir  performance by comparing current annual y ie ld  to  average  
annual y i e l d .  When salmon s to c k s  d ec l in e d ,  managers r e a l iz e d  that in  
order to  perpetuate the s tocks they had to crea te  a balance between f i s h  
caught and t h o s e  w hich e scap ed  to  spawn. The White Act (U .S .)  o f  the  
1 9 2 0 's  r e q u ir e d  an even  d i v i s i o n  o f  th e  m ig r a t io n  i n t o  c a t c h  and  
e s c a p e m e n t  f o r  a l l  f i s h e r i e s .  D u r in g  th e  1 9 5 0 ' s  t h i s  led  to  a 
management p o l ic y  which c a l le d  for  c e r ta in  minimum escapements f o r  each  
r iv e r  to be w e l l  d is tr ib u te d  throughout the spawning season .
Contemporary c o n t r o l  o f  salmon h a r v e s t s  r e t a i n s  th e  need for  a 
reference point by which to  judge the progress towards h a r v e s t  c o n t r o l  
o b j e c t i v e s .  A verage perform ance i s  a convenient re feren ce  o f  proven 
d u r a b i l i ty .  The current standard r e p la c e s  th e  s i n g l e  d a ta  p o i n t ,  i e .  
average  annual y i e l d ,  by a season long time s e r ie s  o f  average va lues  o f  
catch  and, when a v a i la b le ,  escapement. For example, i f  th e  t im e  s e r i e s  
o f  escapement in  the current year i s  below average and the catch  s e r i e s  
i s  above average, then managers have good r e a so n  to  become concern ed  
about o v e r - h a r v e s t i n g .  Another use o f  average performance inform ation  
i s  y ie ld  fo r e c a s t in g .  As an example, in  B r is to l  Bay, Alaska, Ju ly  4 has 
been c o n s id e r e d  th e  m id-point o f  the sockeye salmon m igration  s in c e  at  
l e a s t  the 1 9 3 0 's .  Catch p lus escapement up to  J u ly  4 i s  o f t e n  doubled  
to  produce a f o r e c a s t  o f  t o t a l  so c k e y e  r e tu r n s  f o r  t h e  y ea r  (Royce
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1965). I t  i s  upon t h is  g r o s s ly  d e f in ed , i n t u i t i v e l y  compelling approach  
th at  em pirica l timing research seeks to  bu ild  and improve.
In a l l  m ig r a t o r y  t im in g  work i t  i s  assumed th a t  th e  t im e  o f  
a r r i v a l  in  the  f i s h e r y  i s  an i n h e r i t e d  t r a i t  w hich  i s  m e d ia te d  by  
exogenous f a c t o r s .  The e x p r e s s i o n  o f  a r r iv a l  behavior in  commercial 
catch data can be modulated by the time d i s t r ib u t io n  o f  e f f o r t  (L e g g e t t  
1977) as  w e l l  as the  t im e d i s t r i b u t i o n  o f  c l im a t ic  f a c to r s .  I t  must 
a l s o  be assumed th a t  in te r a n n u a l  f i s h i n g  b e h a v io r  d o e s  n o t  s h i f t  
d r a m a t i c a l ly .  F ish ing  should not s e r io u s ly  a f f e c t  the migratory timing  
o f  fu ture  stocks by overexp lo it in g  any p a r t ic u la r  segment o f  m ig r a t in g  
spawning population .
Walters and Buckingham (1975) p r e s e n t e d  s o m e  o f  t h e  f i r s t  
con s id eration s  o f  t h is  type o f  thinking and, u n f o r t u n a t e l y ,  co n c lu d ed  
t h a t  i t  was to o  c o a r s e  a m ethod. Mundy (1 9 8 2 )  p u b l i s h e d  th e  f i r s t  
thorough a p p lica t io n  o f  em pirica l migratory timing work. In doing so he 
show ed t h a t  u s e f u l  i n f o r m a t i o n  cou ld  be d e r iv e d  from h i s t o r i c a l  
performances. He a lso  introduced a s tan dard ization  o f  methods by w hich  
to  operate .
The two primary o b j e c t i v e s  o f  m ig r a to r y  t im in g  research are the
c h a r a c t e r i z a t i o n  o f  th e  d i s t r i b u t i o n  o f  f i s h  through  t im e  and t h e
u t i l i z a t i o n  o f  th a t  know ledge f o r  h a r v e s t  c o n t r o l .  S in ce  ca tc h  i s
a p p r o x im a te ly  p r o p o r t io n a l  to  abundance, a d i s t r i b u t i o n  o f  c a t c h
in fo r m a t io n  i s  a r e a s o n a b le  r e f l e c t i o n  o f  the time o f  m igration . The
d a i ly  proportion o f  t o t a l  catch  w ith  resp ect  to  t im e has been  c a l l e d  a
time d en s ity  (Mundy 1979). The time d en s ity  i s  an em pirica l p r o b a b il i ty
d en s ity  function  o f  the v a r ia b le  t^ ,  the date o f  capture. The mean date
2
o f  ca p tu r e  and the variance  o f  capture d a te s ,  £ and s t , are used as the
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
13
estim ates  o f  the mean date and th e  v a r ia n c e  o f  t h e  m ig r a t io n .  These  
provided convenient numerical rep resen ta tion s  o f  annual m igrations which 
can be corre la ted  w ith  ex tern a l  f a c t o r s .
Average performance i s  e x p r e s s e d  a s  t h e  a v e r a g e  c u m u l a t i v e  
proportion o f  ca tch  up to  a g iven  time increment. The dynamic estim ator  
w h i c h  r e l a t e s  t o t a l  y i e l d  t o  t h e  a v e r a g e  p e r f o r m a n c e  i s :
A
Nt  = Ct  /  Yt  ( 1 .2 )
where.
A
Nt  i s  the estim ated annual y i e ld  on time in te r v a l  t .
Ct  i s  the cumulative catch  on time in te r v a l  t .
Yt  i s  the average cumulative performance on time in te r v a l  t ,  05Yt£ l
T yp ica lly  th e  e s t im a t e s  are poor ea r ly  in  th e  season and s t e a d i ly  
improve as the season p r o g r e sse s .  Absolute p ercen tage  e r r o r s  i n  e a r l y  
e s t i m a t e s  are u s u a l ly  in  the range o f  50% to  200%. By the mean date o f  
c a p t u r e ,  e r r o r s  o f  e s t i m a t i o n  may be in  th e  10%-50% ran ge  and t h e  
corresponding cum ulative ca tch  a t  40%-60% o f  the season t o t a l .
I t  i s  obvious from t h e s e  g e n e r a l iz a t io n s  th a t  the y ie ld  estim ator  
f r e q u e n t l y  i s  l e s s  than a s p e c t a c u l a r  f o r e c a s t i n g  t o o l .  The p a s t  
s u c c e s s  o f  th e  t e c h n iq u e  seems to  be th e  s u b j e c t i v e  ad ju stm en t o f  
fo r e c a s ts  by the manager in  response to  perceived  d isc r e p a n c ie s  betw een  
th e  p a t t e r n  o f  the current y e a r ’ s f i s h e r y  and h i s t o r i c  performance. I t  
i s  th ese  types o f  adjustments which need to be q u a n t i f i e d ,  but f u r th e r  
developm ent can o n ly  occur a f t e r  a f u l l  knowledge o f  the s trengths  and 
l im ita t io n s  o f  the b as ic  average timing model i s  a t ta in e d .




Intraseason  Annual Forecasts
The o b j e c t  o f  t h i s  study i s  to  determine i f  h i s t o r i c a l  p a ttern s  o f  
commercial f i s h e r i e s  data are u s e fu l  fo r  f o r e c a s t i n g  f u t u r e  p a t t e r n s .  
The d ata  f a l l s  in to  s e v e r a l  c a te g o r ie s :  commercial catch; commercial
CPUE; and in  one circumstance t o t a l  estim ated abundance. A l l  d a ta  are  
s p e c i e s  s p e c i f i c .  Each source o f  the data i s  referred to as a f i s h e r y  
which i s  d e f in ed  by arb itrary  boundaries in  space and tim e.
In most cases  the  geographic reg ion  which i s  the source o f  the data 
i s  a management area or s t a t i s t i c a l  a r e a .  The le n g th  o f  th e  f i s h i n g  
season i s  dependent on the d i s t r ib u t io n  o f  catches through the year . As 
an example* the c r i t i c a l  segment a com m ercia l sockeye f i s h e r y  on th e  
Copper River delta* Alaska* extends from the middle of May to  the middle  
o f  J u ly .  Although commercial f i s h in g  continues in to  August* the  p attern  
o f  c a tc h e s  in  t h i s  l a t t e r  p e r io d  are unrelated  to  th a t  o f  the e a r l i e r  
p er iod . I t  i s  th erefore  more s u i ta b le  to  d e f in e  the period from May 15 
to July  15 as a s e p a r a te  season . The data are recorded by coded date* 
i e .  fo r  the  Copper River May 15 equals Day 1* fo r  each year o f  record .
To s im p l i f y  the explanation  o f  the fo r e c a s t in g  methods the  data are  
s tru c tu red  as  an array  w i th  d im e n s io n s  eq u a l  to  the  number o f  t im e  
i n c r e m e n t s  i n  t h e  se a so n  (n )  and t h e  number o f  y e a r s  i n  t h e  d ata
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base ( y ) .  A lso ,  s in ce  a l l  methods r e l a t e  d i r e c t l y  to  th e  cu m u la t ive  
performance o f  the  data the  fo llow in g  conventions w i l l  be used:
c ’( i . j )  = catch on time interval i» year j .
c ( i , j )  = cumulative catch on time interval i ,  year j .  
p ' ( i . j )  = proportion of catch on time interval i» year j .  
p(i» j)  = cumulative proportion of catch on time interval i .  year j .
where i  = l , . . . » n ;  j = l , . . . » y .  Each method w i l l  be described for catch  
d a t a  b u t  t h e  same p r o c e d u r e s  a r e  a l s o  f o l l o w e d  f o r  o th e r  d ata  
c a te g o r ie s .
The average timing model (ACP) which serves  as a foundation for  the  
other models r e la t e s  the cumulative performance o f  catch  in  th e  c u r r en t  
season to  the average cumulative percentage performance in  past  season s.  
The estim ator i s  as fo l lo w s:
C(i»j)ACP = /  p ( i . j - l )  ( 2 . 1 )
where.
A
C(i,j)ACP = est im ate  o f  t o t a l  catch fo r  year j on time increment i  
by the average cumulative proportion model. 
p ( i , j - l )  = Average o f  cumulative proportions o f  catch on time 
increment i  fo r  a l l  years pr ior  to  year j .
An im p o r ta n t  c o n s id e r a t io n  i s  th e  c a l c u l a t i o n  o f  p ( i , j - l )  f o r  th e  
i n i t i a l  p ort ion  o f  a season . The date on which f i s h in g  begins w i l l  vary 
from year  to  y e a r ,  c o n s e q u e n t ly  some t im e  i n t e r v a l s  w i l l  contain  no 
inform ation. Therefore, note  that average c u m u la t iv e  p r o p o r t io n s  are  
a r i t h m e t i c  m e a n s  o f  o n l y  n o n z e r o  c u m u l a t i v e  
proportions ( p ( i ,k )  > 0 . where k = l . . . . , j - 1 ) .
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Ratio (RAT) and r e g r e s s i o n  (REG) e s t im a t o r s  are  methods used in  
survey sam p ling  s t a t i s t i c s  w h ich  a r e  s i m i l a r  to  th e  a v e r a g e  t im in g  
model. These est im ators  attempt to  increase  the p r e c is io n  o f  e s t im ation  
by taking advantage o f  the c o r r e la t io n  o f  the v a r ia b le  in  q u e s t io n  w i t h  
an oth er  a u x i l i a r y  v a r ia t e  which i s  more f u l l y  known (Cochran 1977). A 
f u l l  developement o f  Cochran's (1977) o r ig in a l  e q u a t io n s  f o r  r a t i o  and 
r e g r e s s i o n  est im ators  and t h e ir  r e la t io n sh ip  to th e  fo r e c a s t in g  problem 
are in  Appendix A.
The v a r i a b l e  u sed  in  th e  f o r e c a s t i n g  problem i s  c ' ( i , j ) .  I f  we 
consider  the time s e r ie s  o f  t h e s e  v a l u e s  a s  a s t a t i s t i c a l  p o p u la t io n  
then  th e  va lu e  to  be estim ated i s  the population t o t a l  C ( j ) ,  or the sum 
o f  c ' ( i » j )  for  i = l  to  n .  The b a s ic  concept  o f  th e  r a t i o  e s t im a t o r  i s  
f r e q u e n t l y  e n c o u n t e r e d  i n  f i s h e r i e s ,  e s p e c i a l l y  i n  P e t e r s e n  
mark-recapture population  e s t im a t io n .  The r a t io  o f  a v e r a g e  h i s t o r i c a l  
t o t a l  y i e l d ,  C, to average h i s t o r i c a l  cumulative catch a t  time i ,  c£ ,  i s  
the same as the r a t i o  o f  t h i s  y e a r ' s  t o t a l  c a t c h ,  C, to  th e  c u r r e n t  
cumulative ca tch  at time i ,  c£ .
C C
 ----  =   (2 .2 a )
c i  Ci
Of c o u r s e  t h i s  y e a r ' s  t o t a l  y i e l d  i s  th e  q u a n t i ty  o f  i n t e r e s t ,  so 
so lv in g  Equation 2 .2a for  C, and sub scr ip t in g  in  i  and j ,
C ( i . j ) R A T  = C c ( i , j )  /  c ( i . j - l )  ] C ( j - l )  (2 .2b )
where,
c ( i , j - l )  = average o f  cumulative catches on time increment i  
fo r  a l l  years p r io r  to year j .
C ( j - l )  = c ( n , j - l )  = average o f  t o t a l  catches for a l l
years p r io r  to year j .
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Note th a t  E q u ation  2 .2 b  i s  s im i la r  to  E q u ation  2 .1  in  th a t  a v era g e  
c u m u la tiv e  catch  on tim e in te r v a l i  d iv ided  by average t o t a l  ca tch es i s  
approxim ately equal to  th e  a v era g e  c u m u la tiv e  p r o p o r t io n  o f  c a tc h  on 
time in te r v a l i .
Cochran (1 9 7 7 ) s t a t e s  th a t  th e  r a t io  estim ator w i l l  work the b est  
when the r e la t io n sh ip  between c f ( i , j )  and c f ( i » j - l )  i s  lin e a r  and p asses  
through the o r ig in .  E s s e n t ia l ly  th is  means th a t th e  r a t io  o f  t h e s e  two 
v a r ia b le s  i s  c o n s ta n t  for  each tim e in te r v a l .  The prem ise i s  th a t the  
r a t io  estim ated  by com paring cu m u la tiv e  c a tc h  to  a v e r a g e  c u m u la tiv e  
c a tc h *  c ( i » j )  /  c ( i » j - l ) »  i s  an e s t im a te  o f  th e  p o p u la t io n  r a t io *  
C (j)  /  C ( j - l ) .  To put i t  simply* i f  the current ca tch es are averaging  
twenty percent h igher than average h is to r ic  catch es up to  some p o in t  in  
the season then the fo re c a ste d  t o t a l  catch  a t th a t p o in t would be twenty  
p ercent h igher than th e  average annual y ie ld  o f  p ast sea so n s.
In c e r t a in  s i t u a t i o n s  th e  reg re ss io n  o f  c ' ( i » j )  on c ’ ( i , j - l )  w i l l  
n o t p a ss  th rou gh  th e  o r i g i n .  I f  t h i s  i s  th e  c a s e  C och ran  ( 1 9 7 7 )  
s u g g e s t s  th e  u s e  o f  a r e g r e s s io n  e s t im a to r  ( s e e  A ppendix A ) .  The 
estim ate  o f  pop u lation  t o t a l  by a reg ress io n  estim ator i s  as fo llo w s:
[ c ( i , j - l )  /  C ( j - l )  ] k p ( i , j - l ) (2 .3 )




N = number o f  tim e increm ents in  the season  
b ’ ( i )  = s lo p e  o f  the r e g r e ss io n  o f  c ' ( i » j )  on c ' ( i » j - l )  as o f  
tim e in te r v a l  i .
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The f i n a l  method r e la te s  the cum ulative catch  on a time in te r v a l to  
the t o t a l  y ie ld  fo r  th a t season by sim ple lin e a r  reg ress io n  (LIN) . The 
lin ea r  r e g r e ss io n  estim ator i s :
c (i» j)L IN  = + c ( i , j )  (2 .5 )
where a ( i )  and b ( i )  are  th e  l e a s t  squares estim ators  o f  the in te r c e p t  
and s lo p e  o f  th e  r e g re ss io n  o f  C (j) on c ( i » j ) .  Each tim e in te r v a l has a 
r eg ress io n  l in e  whose parameter estim ates*  a ( i )  and b ( i)»  are c a lc u la ted  
from j-1  p a ir s  o f  d a ta . As th e  se a so n  p r o g r e s s e s  th e  c o e f f i c i e n t  o f  
d e te r m in a tio n  o f  the reg re ss io n  l in e s  s te a d i ly  in crea ses  u n t i l  reaching  
one on the f in a l  tim e in te r v a l o f  the season  s in ce  c ( n . j )  equals C ( j ) .
Thus fa r  th e  m odels underlying each o f  the estim ators has not been 
m entioned. The form al developement o f  th e  m odels c o rresp o n d in g  to  th e  
r a t i o  and r e g r e s s io n  estim ators i s  a ra th er  te c h n ic a l subject and w i l l  
not be d isc u sse d . Such con sid era tio n s fo r  th ese  models can be found in  
Cochran (1 9 7 7 ) . A c a r e fu l exam ination o f  the rem aining methods re v ea ls  
th a t each could  be expressed by f i r s t  o rd er  l in e a r  r e g r e s s io n  m o d e ls . 
Formally s ta te d  the two b asic  models are:
Y(k) = B ( i)  X ( i ,k )  + e ( i ,k )  (2 .6 )
Y(k) = A ( i)  + B ( i)  X (i,k )  + e ( i ,k )  (2 .7 )
Where*
Y(k) = C(k) = annual y ie ld  on year k .
X (i,k )  = c ( i* k )  = cum ulative ca tch  on tim e in te r v a l  i  year k . 
e ( i ,k )  = fo r e c a s tin g  error on tim e in te r v a l  i  year j 
k = 1 .......... j -1
In e i t h e r  c a se  th e  m odel i s  developed from a lin e a r  reg re ss io n  o f
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annual catch  on the cum ulative catch  fo r  tim e in te r v a l  i .  Equations 2 .6  
and 2 .7  c o r r e sp o n d , r e s p e c t iv e l y ,  to  th e  ACP model and the LIN m odel. 
The ACP model i s  posed as a r eg ress io n  th rou gh  th e  o r i g i n .  Where th e  
param eter. B ( i ) ,  i s  the s lo p e  o f  the r e g r e ss io n  l in e  and i s  estim ated  by 
th e  q u a n t i t y ,  [ 1 /  p ( i . j - l )  ] .  The s lo p e  parameter when estim ated by 
the le a s t  squares methods i s ;
j -1  j-1
b = ^ I c <k > c ( i .k )  ] /  5  <2 - 8>
k=l k=l
F o r e c a s t s  u s in g  th e  param eter estim ate  o f  2 .8 ,  w i l l  be referred  to as 
adjusted  l in e a r  e stim a tes  (ADJ LIN).
In th e  l in e a r  r e g r e ss io n  model. Equation 2 .7 ,  the param eters, A (i)  
and B ( i ) ,  are estim ated  by le a s t  squares m ethods. A cursory examination 
o f  t h e s e  m od els seem s to  in d ic a t e  th a t  th e  LIN m odel w i l l  be more 
appropriate e a r ly  in  a f is h in g  season . S ince a reg re ss io n  l in e  o f t o t a l  
y ie ld  on cum ulative catch  w i l l  seldom pass through the o r ig in  u n t i l  la te  
in  the season .
Intraseason  Period  F orecasts
P ro jec tio n s  o f  fu tu r e  c a tc h e s  fo r  fu tu r e  f i s h i n g  p e r io d s  can be 
derived  from average performance in form ation  or  by a v a r ia t io n  o f  th e  
l in e a r  r e g r e s s io n  m o d el. By th e  a v era g e  perform an ce m od el, period  
fo r e c a s ts  could  be:
c f (i+ m ,j)  = C ( i ,j )^ c p  p H i+ m .j- l)  (2 .9 )
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where,
c '( i+ m ,j )  = p r o je c t io n  o f  catch fo r  tim e increm ent i+m, 
as c a lc u la ted  on time in te r v a l i .  
m = number o f  tim e periods p rojected  ahead.
However Eby and O’N e i l l  (1977) suggest p r o jec tin g  only one tim e in te r v a l  
ahead, and r e s t r ic t in g  th e  method to  the u se  o f  cu m u la tiv e  p r o p o r t io n s  
in  the fo llo w in g  manner,
c(i+ l,j)A C P  = C(i,j)ACP p ( i+ l » j - l )  (2 .1 0 )
where,
c ( i + l , j ) A C P  = p r o jec tio n  o f  cum ulative catch  fo r  tim e increment 
i+ 1 , as c a lc u la ted  on increment i .
The estim ated  period  ca tch  i s  the p r o jec tio n  o f  cum ulative catch  on tim e 
increment i+1 minus the th e  observed cum ulative ca tch  on increment i  o r ,
c ’ ( i+ l , j ) A C P  PF = c ( i+ l» j )  -  c ( i , j ) .  ( 2 .1 1 )
Eby and O 'N e i l l ' s  (1 9 7 7 ) method (E q u ation  2 .1 1 )  i s  u sed  to p r o jec t  
period  catch es by th e  average performance m odel.
F orecasts o f  c u m u la tiv e  c a tc h  on a f u tu r e  tim e  i n t e r v a l  can be 
estim ated  by lin e a r  r eg ress io n  in  the same manner as t o t a l  y i e l d .  The 
p r o jec tio n  o f  period  y ie ld  i s  derived  from the fo llo w in g  estim ator:
c (i+ m ,j) i,iu  = + b ( i )  c ( i * j )  (2 .1 2 )
where a ( i )  and b ( i )  a re  d e r iv e d  from th e  r e g r e s s io n  o f  c ( i+ m ,j )  on 
c ( i , j ) .  P ro jec tio n s  by t h is  lin e a r  model were a lso  on ly  c a lc u la te d  fo r  
the next tim e in te r v a l  in  the season , th ere fo re  m equals one and,
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c '(i+ l» j)L IH  PF = c ( i + l , j )  -  c ( i , j )  (2 .1 3 )
Assessment o f  Accuracy
U ltim a te ly  th e  accuracy o f  the estim ators should be judged by th e ir  
a b i l i t y  to  p r e d ic t  the va lu e  b e in g  f o r e c a s t e d .  In  th e  e v a lu a t io n  o f  
f o r e c a s t s  by S a i la  e t  a l  (1 9 8 0 ) th e  c r i t e r i a  fo r  judgement were the
A
resid u a ls*  [ C (j) -  C( j ) ] ,  and a measure o f  the f i t  o f  the modeled data  
to  o b s e r v e d  d a t a .  The l a t t e r  i s  a n a lo g o u s  to  th e  c o e f f i c i e n t  o f  
d e te r m in a tio n  in  l in e a r  r e g r e s s io n .  In  th e  d e s c r ib e d  f o r e c a s t i n g  
p r o c e ss  i t  i s  d i f f i c u l t  to  compare the e f fe c t iv e n e s s  o f  models by th ese  
c r i t e r i a .  A n other s t a t i s t i c  w hich  i s  f r e q u e n t ly  u sed  in  b u s i n e s s  
f o r e c a s t in g  i s  th e  a b s o lu te  p e r c e n ta g e  e r ro r  (A PE). The r e s id u a l .  
e ( i , j ) .  o r  i n  f o r e c a s t i n g  te r m in o lo g y , th e  f o r e c a s t in g  e r r o r , i s  
expressed as a percentage o f  the observed va lu e;
APE(i.j) /  100 = I e ( i ,j )  I /  C(j) = I C(j) -  C (i,j) I /  C(j) (2.14)
where,
A P E (i.j)  = a b so lu te  va lu e  o f  the percentage error o f  the fo r e c a s t  
o f  annual y ie ld  on tim e increment i ,  year j .  
e ( i , j )  = fo r e c a s tin g  error (re s id u a l)
Roff ( 1 9 8 3 )  u sed  th e  mean a b s o lu te  p e r c e n ta g e  e r r o r  (MAPE) o f  
sev era l years o f  fo r e c a s ts  to  eva lu ate  medium term f o r e c a s t s  o f  annual 
y i e l d .  A lth o u g h  MAPE i s  a good i n d i c a t o r  o f  th e  s u c c e s s  o f  an 
estim a to r , i t  can not be used to make approximate p r e c is io n  bounds on a 
f o r e c a s t .  T h e r e fo r e  i t  i s  more in fo r m a tiv e  to use a s t a t i s t i c  which
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r e la te s  fo r e c a s tin g  error  as a percentage o f  the fo r e c a s t  in s te a d  o f  as 
a p e r c e n t a g e  o f  t h e  o b s e r v e d  v a l u e .  As such  th e  mean a b s o lu te  
percentage d ev ia tio n  can be defined  as:
n
MAPD(i) = [ 100 /  (n -1) ] J  I e ( i» j )  I /  C ( i , j )  (2 .1 5 )
j= l
The i n t e r p r e t a t io n  o f  MAPD, l ik e  MAPE, i s  stra igh tforw ard  in  that 
sm aller va lu es in d ic a te  s u c c e s s fu l fo r e c a s ts  and la r g e  v a lu e s  in d ic a t e  
in a c c u r a te  f o r e c a s t s .  S ince the fo re c a st  models are u su a lly  judged on 
th e ir  em p irica l perform ance, i t  i s  d e s ir a b le  to  e x p r e ss  th e  r e l a t i v e  
er ro r  as s t a t i s t i c s  w h ich  are  e a s i l y  understood and which a lso  allow  
comparisons o f  accuracy between f i s h e r ie s .
Of immediate in te r e s t  i s  the r e la t iv e  accuracy o f  the estim ators as 
the f is h in g  season p r o g r e sse s . The annual d a ta  s e t s  fo r  each  f i s h e r y  
were d iv id e d  in to  two groups and th e  annual y ie ld  was fo re c a ste d  for  
each year in  the recen t group. The number o f  years to  be fo re c a ste d  was 
c a lc u la t e d  by ta k in g  the in te g e r  va lue th a t r e su lte d  from d iv id in g  the 
to ta l  number o f  years in  the data base by tw o . For ex a m p le , i f  th e r e  
were tw en ty -o n e  y e a r s  o f  d a ta , th en  th e  m ost r e c e n t  te n  y e a r s  were 
fo r e c a s te d . F orecasts were based on data  from a l l  y e a r s  p r io r  to  the  
year b e in g  f o r e c a s t e d .  For exam ple, the ten th  year was fo re c a ste d  on 
the b a s is  o f the p rev iou s n in e  y e a r s ,  th e  e le v e n t h  from  th e  p r e v io u s  
t e n ,  e t c .  A m ean a b s o l u t e  p e c e n t a g e  d e v ia t io n  (MAPD) was then  
ca lcu la ted  fo r  each tim e in t e r v a l  o f  th e  s e a s o n . The r e s u l t in g  tim e  
s e r i e s  o f  r e l a t i v e  e r r o r s  w i l l  p r o v id e  a im p ortan t m easure o f  th e  
u t i l i t y  o f  a fo r e c a s t in g  method.
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The c o e f f ic i e n t s  o f  v a r ia t io n  o f  the average cum ulative proportions  
are a lso  in d ic a to r s  o f  th e  p r e c is io n  o f  th e  ACP m odel a s  th e  se a so n  
p r o g r e s s e s .  The c o e f f ic ie n t  o f  v a r ia t io n , C ( s / p ( i » j - l ) )  100 ] ,  can be 
d ir e c t ly  r e la te d  to th e  ab so lu te  percentage error on a tim e in t e r v a l  by 
analogy to Chebyshev’ s In e q u a lity . F ir s t  i t  i s  n ecessary  to express the  
a b s o lu te  p e r c e n t a g e  e r r o r  in  ter m s o f  t h e  e x p e c t e d  c u m u la t iv e  
p r o p o r t io n , p ( i , j - l ) »  and th e  observed cum ulative proportion , p ( i , j ) .  
From Equations 2 .1  and 2 .14:
APE(i,j)/100 = I ( c ( i , j )  /  p ( i . j - l )  ) ~ C(j) | /  C(j) (2.16)
Since C(j) = c ( i , j )  /  p ( i , j ) .
APE(i.j) _ [ c ( i , j )  I ( l /p ( i , j - 1 )  ) -  ( l / p ( i , j )  ) I ]
100 c ( i , j )  /  p (i» j)  )
(2.17)
A PE(i,j)/100 = I ( p ( i , j )  -  p ( i , j - l )  ) /  p ( i . j - l )  I (2.18)
By Chebyshev’s Inequality,
P( { p ( i» j):  I p (i» j)  -  p ( i» j - l)  | > k s } ) 5 [ l / k 2 ]  (2.19)
Where,
s = standard deviation of p(i»k) for k = 1 , . . . ,  j -1 .
Multiplying the inequality inside the brackets by [ 100 /p (i» j-l) ]»
100 I p (i» j) -  p ( i . j - l )  I 100 ks 
P  (  --------------------- - ------------ -------------- - ------------ ------------------  >    ) i  [ l / k 2 ]  (2.20)
p (i» j-1 ) p ( i ,j -1 )
P( APE(i.j) > k CV ) <! [ 1 /  k2 ] (2.21)
or a p p rox im ate ly , the p r o b a b ility  that the a b so lu te  percentage error i s
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g r e a te r  th an  k t im e s  th e  c o e f f i c i e n t  o f  v a r ia t io n  i s  le s s  than l /k ^ .  
For example* i f  k equals two and the CV equals 50 th en  th e  p r o b a b i l i t y  
th a t  th e  a b s o lu te  percentage error i s  grea ter  than 100 i s  l e s s  than or 
equal to  0 .2 5 . I f  the pC i*j) a r e  a p p r o x im a te ly  n orm ally  d is t r ib u t e d  
th e n  t h i s  p r o b a b i l i t y  would be c lo s e r  to  0 .0 5 .  N o t ic e  th a t  t h e s e  
in feren ces  can not be extended to a fo r e c a s t  in  fu tu r e  y e a r s  u n le s s  i t  
i s  assumed th a t  th e  stan d ard  d e v ia tio n  o f  p ( i , j )  i s  approxim ately the 
same as was ca lc u la ted  fo r  past y e a r s .
P r e d ic tio n  in t e r v a l s  can be c a lc u la ted  fo r  fo r e c a s ts  when they are 
posed as lin e a r  r e g re ss io n  e s t im a t e s .  Such p r e d ic t io n  i n t e r v a l s  are  
m ore s a t i s f a c t o r y  a s  m e a su r e s  o f  p r e c i s i o n  s in c e  th ey  are  more 
s t a t i s t i c a l l y  a p p r o p r ia te .  C o n su lt stan d ard  r e g r e s s io n  t e x t s  f o r  
i n t e r v a l  fo r m u la s . The m ethods o f  N eter  and Wasserman (1 9 7 4 ) were 
fo llow ed  fo r  t h is  stu d y .
MAPD's, M APE's, C V 's and t h e  c o r r e la t io n  c o e f f i c i e n t s  o f  th e  
r eg ress io n  models w i l l  a l l  serve as u se fu l in d ic a to r s  o f  the accuracy o f  
both annual and period  fo re c a sts  on a g iven tim e in te r v a l  fo r  a s p e c if ic  
f is h e r y . An o v e r a l l  com parison  o f  th e  m ethods w hich  sum m arizes th e  
a ccu ra cy  o f  each  e s t im a to r  f o r  each  f i s h e r y  can be a c h ie v e d  by two 
s t a t i s t i c s *  th e  MAPD o f  f o r e c a s t s  on th e  mean d a te  o f  th e  f i s h i n g  
season *  and th e  MAPD o f a l l  fo r e c a s ts  made on or before the mean d a te . 
The mean d a te  o f  the f is h in g  season i s  a standard re feren ce  point w ith in  
a f i s h i n g  se a so n  w h ich  i s  fr e q u e n tly  the half-w ay  p o in t for a season . 
Intraseason  fo r e c a s ts  are th e  m ost u s e f u l  d u r in g  th e  f i r s t  h a l f  o f  a 
season *  t h e r e f o r e  t h e s e  m easures o f  f o r e c a s t  accu racy  for  the e a r ly  
p ortion  o f  a season should be a good measure o f  a m ethod's u t i l i t y  as a 
fo r e c a s tin g  t o o l .
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I t  would b e  in fo r m a tiv e  to  compare th e  r e s u l t s  fo r  in tr a se a so n  
fo r e c a s ts  and fo r  p re-season  fo r e c a s ts . But, u n fo r tu n a te ly  i t  was n o t  
f e a s i b l e  to  o b ta in  p r e -s e a s o n  fo r e c a s ts  from the management a g e n c ie s .  
As a sim ple a lte r n a t iv e  a f iv e  year moving a v e r a g e  (MA) was used  a s  a 
p re-season  estim ate  o f  annual performance,
j
C(j+1) = (1 /5 )  J  C(k) (2 .22 )
k=j-4
Incorporation  o f  Judgements
The p h ra se  'in c o r p o r a tio n  o f  judgements' can take many meanings in  
a fo r e c a s tin g  problem; judgement may e n ta i l  complex adaptive fo r e c a s tin g  
t e c h n iq u e s  o r  common se n se  a d ju stm en ts  o f  th e  d a t a .  The m ethods  
p resen ted  h ere  w i l l  ta k e  th e  l a t t e r  ap p ro a ch . The m ethods w i l l  be 
rather sim ple p r a c t ic e s  which s e le c t iv e ly  r e s t r ic t  the s e t  o f  h i s t o r ic a l  
data used to  e stim a te  model param eters.
Upon f i r s t  in s p e c t io n  o f  th e  d a ta  b ase  a t y p ic a l  f is h in g  seasons  
should be i s o la t e d .  I f  a c le a r  reason fo r  the aberrant behavior can be 
found i t  may b e  w is e  to  e x c lu d e  th a t year o f  d a ta . T yp ical causes o f  
abnorm al f i s h i n g  se a so n s  in c lu d e  p r o t r a c t e d  s t r i k e s  and n a t u r a l  
d i s a s t e r s .  However, in  f is h e r ie s  where s tr ik e s  or other unusual events  
are not th a t unusual i t  may be ad v isab le  to  in c lu d e  a t y p ic a l  d a ta  s e t s  
in  th e  a n a ly s is .
Each o f  th e  m ethods i s  dependent on th e  s i m i l a r i t y  o f  th e  tim e  
d i s t r i b u t i o n  o f  t h e  c a t c h e s  in  t h e  c u r r e n t  y e a r  to  th e  c a t c h  
d i s t r ib u t io n s  o f  past y e a r s A s  an extreme example, i f  the ca tch es for
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a f i s h e r y  a r e  i d e n t i c a l l y  d i s t r i b u t e d  f o r  e v e r y  y e a r  th e n  th e  
r e g r e s s io n s  o f  c * ( i , j )  on c ( i , j - l )  a s w e l l  as C (j) on c ( i , j )  w i l l  be 
p e r fe c t ly  l in e a r .  F orecasts u sin g  t h is  data would be p e r fe c t  regard less  
o f the method. However, in  r e a l i t y  p attern s o f  catch  vary a great deal*  
and the problem then becomes the r e so lu t io n  o f  system atic  v a r ia b i l i t y .
I t  may be p o s s ib le  in  some f i s h e r i e s  to  i s o l a t e  c h a r a c t e r is t ic  
p attern s o f catch  which can be used to  in c r e a s e  f o r e c a s t in g  a c c u r a c y .  
Such a procedure i s  contingent on the a b i l i t y  to  c o r r e c t ly  determ ine the  
type o f  p a ttern  to be used during the fo r e c a s t  y ea r .
P atterns can be is o la te d  by s tr a t if y in g  the data base so th a t years 
o f data w ith  s im ila r  d i s t r i b u t io n s  are  grouped t o g e t h e r .  Mundy and 
S c h a l le r  (1 9 8 3 ) showed th a t  se a so n a l p a ttern s o f  d a ily  chinook salmon 
catch  in  the Yukon River are very  dependent on fa c to r s  r e la te d  to spring  
a i r  t e m p e r a tu r e  a t  Nome* A l a s k a .  T hey w ere a b le  to  s t r a t i f y  a 
tw enty-three year data s e t  in to  th ree  c a t e g o r ie s *  c o o l  year  p a t t e r n s ,  
warm y ear  p a t t e r n s ,  and a v er a g e  year p a tte r n s . In doing so they were 
ab le  to  reduce fo r e c a s t  errors by th e  ACP m odel. R e s u lt s  o f  f o r e c a s t s  
made under t h e ir  s t r a t i f i c a t i o n s  w i l l  be p r e s e n te d  and compared to  
f o r e c a s t s  b ased  on u n s t r a t i f i e d  d a t a .  The k e y  t o  t h i s  ty p e  o f  
s t r a t i f i c a t i o n  i s  th e  id e n t i f ic a t io n  o f  a fa c to r  which i s  a c o n s is te n t  
co v a r ia te  o f  each c h a r a c t e r i s t i c  d i s t r i b u t io n  o f  c a tc h e s  and can be 
measured before  a season b e g in s .
An a d d i t i o n a l  m eth od  o f  s t r a t i f i c a t i o n  w hich  i s  based  on th e  
s t a t i s t i c a l  behavior o f  the data has been te s te d  in  conjunction  w ith  the  
r a t io  e s t im a t o r .  The th e o r y  o f  the r a t io  estim ator  holds th a t i f  the  
r e la t io n s h ip  betw een  c * ( i , j )  and c ' ( i * j )  i s  lin e a r  the method w i l l  be 
more s u c c e s s fu l.  For th is  reason i f  the average cum ulative c a tc h e s  are
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c a lcu la ted  from the years o f data  which in d iv id u a lly  c o r r e la te  w e ll  w ith  
th e  c a t c h e s  in  t h e  f o r e c a s t  year th en  th e  f o r e c a s t s  may im p rove . 
F orecasts by t h is  method w i l l  be re ferred  to  as censored r a t io  e stim a tes  
(CR).
A c o e f f i c i e n t  o f  c o r r e l a t i o n  was c a lc u la t e d  between the current 
y ea r ’ s c a tc h e s , up to  tim e i n t e r v a l  i»  and each o f  th e  c o r r e sp o n d in g  
s e r i e s  o f  c a tc h e s  fo r  p a s t  y e a r s .  I f  th e  c o r r e la t io n  c o e f f i c i e n t  
exceed ed  0 .8  th e n  t h e  d a t a  from  t h a t  y e a r  was in c lu d e d  in  th e  
c a lc u la t io n  o f  c ( i » j - l )  and C ( j - l ) .  P relim in ary  t e s t in g  showed th at  
data from a s in g le  p ast year d id  not n e c e s s a r i ly  p r o v id e  a good b a s i s  
fo r  f o r e c a s t s ,  r e g a r d le s s  o f  c o r r e l a t i o n .  T h e r e fo r e , an average o f  
se v er a l w e ll  co r re la te d  years was te s te d  in  an a ttem p t to  im prove th e  
fo r e c a s tin g  performance o f  the censored r a t io  estim a to r .
Since a u s e fu l c o e f f ic i e n t  o f  c o r r e la tio n  can on ly  be derived  a f te r  
enough tim e in te r v a ls  have accrued to  provide a s u f f ic ie n t  sam ple s i z e ,  
th e  f o l lo w in g  c r i t e r i o n  o f  in c lu s io n  was used during the i n i t i a l  tim e 
p eriod s o f  a sea so n . The standard d e v ia tio n  o f ca tch es on a g iv e n  tim e  
in t e r v a l  was c a lc u la t e d  fo r  a l l  o f  the years included in  the fo r e c a s t  
p r o c e d u r e . I f  th e  c a tc h  o f  a p a s t  y e a r  was w i t h i n  o n e  s ta n d a r d  
d ev ia tio n  o f  the ca tch  on th e  same in te r v a l  in  th e  current year then  the  
d a ta  from  th a t  year  was in c lu d e d  in  th e  c a lc u la t io n  o f  c ( i , j - l )  and 
C ( j - l ) .




The f o r e c a s t in g  sy stem  has been  t e s t e d  for  over s ix ty  years o f  
f i s h e r ie s  data from s ix  commercial f is h e r ie s  which span the g lo b e .  The 
f o r e c a s te d  d a ta  in c lu d e d :  ch in ook  salm on ( Qncorhynchus tschawytsha)
c a tc h  d a ta  from  th e  Yukon R iv e r . A la sk a ; so ck ey e  salm on (JL*. nerka) 
abundance data from B r is to l  Bay. Alaska; sockeye salmon catch  data from 
Copper R iv e r ,  A la sk a ;  so ck e y e  salm on c a tc h  and CPUE d a ta  from Lynn 
C an al. A la sk a ;  rock  lo b ste r  (Jasus edw ardsii) CPUE data from G isborne, 
New Z ea lan d ; b lu e  crab (C a llin e c te s  sapidus) catch  data from V irg in ia , 
USA.
Because th e r e  a re  many y e a r s  o f  fo r e c a s ts  i t  i s  not f e a s ib le  to  
p resen t th e  r e s u lt s  fo r  each in d iv id u a l y ea r . However, the a p p l ic a t io n  
o f  th e  f o r e c a s t  e s t im a to r s  to  the 1983 Yukon River chinook season w i l l  
be p a r t i a l l y  worked th rough  as a d e m o n str a tio n  o f  t y p i c a l  a n n u a l  
r e s u l t s .
The Yukon ch in o o k  salm on d a ta  s e t  was obtained  from the Alaska 
Department o f  F ish  and Game (ADF&G). I n i t i a l l y ,  th e  u n s t r a t i f i e d  d a ta  
for  the y e a r s , 1961-1982, was used for  the fo r e c a s ts  o f  1983 catch  d ata . 
In 1983, no ca tch es were reported during th e  f i r s t  th r e e  i n t e r v a l s  o f  
the season , th e re fo r e  no fo r e c a s ts  were made. F orecastin g  was in it ia te d  
on t h e  f o u r t h  i n t e r v a l ;  t h e  r e c o r d e d  c a t c h  w as 2 2 ,2 9 2  f i s h  
(see  Table 2 ) .
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Each o f  th e  s i x  f o r e c a s t s  o f  annu al y i e l d  fo r  the fourth  time 
in te r v a l were ca lc u la ted  as fo llo w s:
C (4,1983)ACp = C l/p (4 ,1 9 8 2 )  ] c (4 ,1 9 8 3 )
= [ 1 / .1 6 4  ] 22,292  
= 135,901
C (4,1983)rat = [ C(1982) /  c (4 ,1 9 8 2 ) ] c (4 ,1 9 8 3 )
= C 75,385 /  13 ,522 ] 22,292  
= 124,278
For th e  c en so red  r a t i o  e s t im a to r  o n ly  two y e a r s  had catch es on time 
in te r v a l four which were w ith in  one sta n d a rd  d e v ia t io n  o f  th e  2 2 ,2 9 2  
f i s h .  The years 1969 and 1981 were s e le c te d .
A
C (4,1983)CR = C C(1982)CR /  c (4 ,1 9 8 2 )CR ] c (4 ,1 9 8 3 )
= [ 85,251 /  17,917 ] 22,292  
= 106,068
C(4,1983)reg = N /i [ c(4,1983) -  b»(4) c(4,1982) ] + b»(4) C(4,1982)
= 15/4 [ 22,292 -  (3.4261) 13,522 ] + (3.4261) 75,385 
= 168,142
C (4,1983)LIN = a (4 )  + b (4 ) c (4 ,1 9 8 3 )
= 67,085 + (.6 3 1 4 ) 22,292  
= 81,159
C (4,1983)adj l in  = b (4 ) c (4 ,1 9 8 3 )
= (2 .9 9 9 0 ) 22,292  
= 66,850
Note th a t  th e  ca tch  o f  22,292 f i s h  was the h ig h est ever recorded  
on th e  fo u r th  tim e  i n t e r v a l .  Based on t h i s  in fo r m a tio n  a m anager  
p rob ab ly  would d isc o u n t th e  ad justed  lin e a r  estim ate  as being too low. 
N otice  a lso  th a t the average tim ing (ACP), r a t i o  (RAT) and r e g r e s s io n  
(REG) e s t im a te s  a re  v e r y  h ig h  in  reg a rd  to  th e  h i s t o r i c  average o f  
72,196 f is h  (Tables 2 and 5 ) .  Even though th e  a c t u a l  c a tc h  was v e r y
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Table 3 . Yukon River chinook salmon catch forecasts for 1983. Observed y ield  
was 95*061 f is h . Average timing (ACP); Ratio e s t i m a t o r  (RAT); 
Censored Ratio (CR); Regression estim ator  (REG); Linear R egression  (LIN); 
R egression  through o r ig in  (ADJ LIN); Average timing period forecast (ACP PF); 
Linear regression period forecast (LIN PF).
Time







4 22292 135901 124276 106068 168138 81159 66850 10990 12948
5 34970 142740 129794 95351 137052 81378 73264 16147 10303
6** 63639 177708 165083 166910 166961 89109 109744 28664 11731
7 76280 146862 140207 114143 140177 89269 111469 24068 6400
8 80978 118519 115835 98388 122724 89015 104970 15301 —
9 80978 99681 98793 876 51 106239 86407 94456 10043 2993
10 85802 93965 93256 87308 99489 88874 92104 4211 10733
11 90492 93413 93140 -------- 98088 91500 92805 1038 706
12 91802 93066 92906 92539 95792 92125 92760 658 87
13 93058 93668 93609 93496 95451 93286 93554 333 78
14 94429 94709 94692 94586 95641 94578 93554 281 149
15 95061 95061 95061 95061 95061 95061 95061 — —
Years selected for the censored ra tio  estimates***
4 1969* 1981
5 1962(.86), 1963(.83)> 1968(.83), 1969(.98), 1970(.99), 1974(.91). 1979(.9)
6 1962(.89)» 1963(.81)* 1965(.82), 1970(.87), 1973(.89), 1974(.9). 1975(.84)








* Observed period catches are in  Table 2 .
** Mean Date
*** Number in  parentheses is  the correlation co effic ien t between 1983 period 
catches to date and the corresponding catches from the selected year.
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Table 4 . Yukon River chinook salmon catch forecast r e s u l t s  f o r  1 9 8 3 .
Observed y ie ld  was 95*061 f is h .  Each column r e p r e s e n t s  t h e  
percentage deviation of the forecast on th a t in te r v a l .  Average tim ing (ACP); 
R atio  estim ator (RAT); Censored R atio  (CR); R egression  estim ator (REG); 
Linear Regression (LIN); Regression through or ig in  (ADJ LIN); Average tim ing  
period forecast (ACP PF); Linear regression period forecast (LIN PF).
Time







4 0.24 -30.1 -23.5 -10 .4 -43.5 17.1 42.2 15.4 -2 .1
5 0.37 -33.4 -26.8 -0.3 -30.6 16.8 29.8 77.6 178.3
6** 0.67 -46.5 -42.4 -43.1 -43.1 6.7 -13 .4 -55.9 7.8
7 0.80 -35.3 -32.2 -16.7 -32.2 6.5 -14.7 -80.5 -26.6
8 0.85 -19.8 -17.9 -3 .4 -22.5 6.8 -9 .4 -100.0 -100.0
9 0.85 -4 .6 -3 .9 8.5 -10.5 10.0 0.6 -52.0 61.2
10 0.90 1 .2 1.9 8.9 -4 .5 7.0 3 .2 -10.2 128.9
11 0.95 1 .8 2.1 — -3 .1 3.9 2.4 -20.7 85.4
12 0.97 2.1 2.3 2.7 -0 .8 3.2 2.5 91.0 1340.8
13 0.98 1 .5 1.6 1.7 -0 .4 1.9 1.6 311.7 1649.5
14 0.99 0 .4 0 .4 0.5 -0.6 0.5 0.4 125.1 321.8
15 1.00 0 .0 0.0 0.0 0.0 -0 .0 -0 .0 0.0 0.0
MAPD up> to mean 36.7 30.9 21.7 39.1 13.5 28.4 54.5 62.7
Years selected for the censored ra tio  estimates***
4 1969, 1981
5 1962(2.1), 1 9 6 3 (- .l) , 1 9 6 8 (.l) , 1969(-.4 ), 1970(5.5), 1974(-.3), 1979(-.3)
6 1962(2.6), 1963(.2), 1965(.7), 1970(2.8), 1973(0.7), 1 9 7 4 (- .l) , 1975(15.7)








* Observed period catches are in  Table 2.
** Mean Date
*** Number in  parentheses i s  the error. (PE/100), i f  the selected  year was 
used as basis for a ratio  estim ate.
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h ig h , th ese  estim ates would be su sp ect s in c e  th e  maximum h a r v e s t  o ver  
th e  tim e p e r io d  1961-1983 was 104 .335 . The on ly  reasonable estim ates  
were made by the censored r a t io  estim ator (CR) and th e  lin ea r  reg ress io n  
estim ator (LIN).
The period  fo r e c a s ts  for  tim e in te r v a l f iv e  are as fo llo w s:
c f (5 ,1983) = [ p (5 ,1982) C (4,1983)ACP ] -  c (4 ,1983)
= [ ( .2 4 4 9 ) 135,901 ] -  222,292  
= 10,990
c 1(5 ,1983 ) = [ a (4 ) + b (4) c (4 ,1 9 8 3 ) ] -  c (4 ,1983 )
= [ 4897 + (1 .3612) 22,292 ] -  22,292  
= 12,948
A r e v ie w  o f  th e  rem ainder o f period  fo r e c a s ts  in  1983 rev ea ls  th a t the 
fo r e c a s ts  made on time in te r v a l four were u n c h a r a c te r is t ic a lly  a c c u r a te  
(Table 4 ) .
Further ex a m in a tio n  o f  1983 r e s u l t s  r e v e a ls  th e  c h a r a c te r is t ic
e r r o r  p a t te r n s  o f  th e  d i f f e r e n t  e s t im a to r s  (T a b le s  3 and 4 ) .  In
p a r t i c u l a r  th e  e r r o r s  o f  th e  a v e r a g e  t im in g , r a t i o  and r e g r e s s io n
estim ators are very s im ila r  in  th a t they tend to  be la r g e  and v a r ia b le
a t  th e  o u t s e t  o f  th e  season w h ile  decreasing  as the season p ro g resses .
The censored r a t io  estim ates o f t e n  behave in  th e  same m anner, but in
A
some c a s e s  e r r o r s  a re  d r a s t i c a l l y  reduced  [ C(5,1983) ] and in  other
c a s e s  th e  e r r o r s  are  g r e a te r  th an  or eq u a l to  th e  r a tio  and average
A
t im in g  e s t im a te s  [ C(6 ,1983) ] .  The adjusted lin e a r  estim ator i s  a lso  
s im i la r  in  p a t te r n s  o f  a b s o lu te  e rro r  but s u r p r is in g ly  i s  n o t  w e ll  
co rre la ted  w ith  the average t im in g  e s t im a t o r .  The l in e a r  r e g r e s s io n  
f o r e c a s t s  f o l lo w  th e  same error p a tte r n , but u su a lly  have lower errors  
r e la t iv e  to  the other e s tim a te s .
S im ilar o b s e r v a t io n s  are  e v id e n t  in  th e  sum m arization  o f  th e
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fo re c a stin g  system  f o r  th e  l a s t  e le v e n  ch in ook  s e a so n s  on th e  Yukon 
River (Table 5 ) .  As in d ica ted  the lin ea r  r e g re ss io n  e stim a tes  proved to  
be th e  m ost r e l i a b l e .  In  a l l  c r i t e r i a  i t  s u r p a s s e d  t h e  o t h e r  
e s t im a t o r s .  An a v e r a g e  a b s o lu te  p e r c en ta g e  d ev ia tio n  (MAPD) for  a l l  
fo r e c a s ts  p r io r  to  th e  mean d a te  fo r  th e  e le v e n  y e a r s  was o n ly  1 4 .5  
p e r c e n t .  The r e s t  o f  the estim ators averaged greater  than 50 p ercen t. 
For fo re c a sts  made on the mean d ate  the MAPD fo r  the lin e a r  model was 13 
p e r c e n t and fo r  th e  o t h e r s  g r e a te r  than 20 p ercen t. N otice  a lso  th a t  
the f iv e -y e a r  moving average o f  annual y ie ld s  provided* on th e  average*  
a b e t t e r  e s t im a te  (19%) than  a l l  m odels except the lin ea r  r e g re ss io n  
(14%).
As mentioned in  chapter two* s t r a t i f i c a t io n  o f  the Yukon data base  
by sp r in g  a ir  tem p era tu re  was u sed  by Mundy and S c h a l le r  (1 9 8 3 ) to  
red u ce  f o r e c a s t in g  e r r o r .  The s t r a t i f i c a t i o n s  are as fo llo w s: co o l
y ea rs , 1964, 1971* 1972, 1975, 1976, 1977 , 1982; a verage  y e a r s ,  1 9 6 1 , 
1962 , 1 9 6 3 , 1968, 1970, 1973; warm y ea rs, 1965, 1967, 1969, 1974, 1978, 
1 9 7 9 , 1 9 8 0 , 1 9 8 1 ,  1 9 8 3 .  F or 1 9 8 3 , u s i n g  d a ta  fro m  t h e  warm  
s t r a t i f i c a t i o n ,  th e  MAPD o f  f o r e c a s t s ,  by th e  ACP e s t im a t o r ,  on or 
b efore  the mean date was reduced to 22% (e r r o r  from u n s t r a t i f i e d  d a ta  
was 37%, se e  T ab le  4 ) .  O v e r a ll  th e  a verage  e r ro r  o f  f o r e c a s t s  was 
reduced by using  th ese  s t r a t i f i c a t io n s  (T ab le  6 ) .  As an exam p le , th e  
MAPD f o r  th e  a v e r a g e  t im in g  m odel was red u ced  by more th an  h a l f  ( 
u n s t r a t .  145%, T ab le 5; s t r a t  64%, T ab le 6 ) .  H ow ever, th e  l i n e a r  
r e g r e s s io n  m odel u s in g  e i t h e r  u n s t r a t i f i e d  or s t r a t i f i e d  data s t i l l  
performed b e t te r  than the other m odels. The MAPD up to  th e  mean d a te  
fo r  th e  l in e a r  model in creased  s l ig h t ly  to 16.3 percent and the MAPD at  
the mean date decreased to  12.1 p ercen t.
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Table 5. Summarization of the forecasting resu lts for unstratified  chinook 
salmon catch data from the Yukon River, Alaska, 1973-1983.
Time ADJ ACP LIN
Int* p(i*j)** ACP RAT CR REG LIN LIN PF PF
MEAN ABSOLUTE PERCENTAGE DEVIATION
1 1.5 496.4 535.8 95.3 -  „■ 4 .1 ------- ■ ... 472.4
2 5.5 267.5 32.0 92.1 ------- 13.3 101.1 420.5 84.3
3 9.2 105.1 117.6 64.1 71.0 15.9 208.4 118.2 71.7
4 16.4 56.5 60.3 44.8 66.8 19.4 123.5 111.8 60.2
5 24.5 60.0 62.0 35.3 55.1 14.8 105.2 63.3 100.1
6 35.8 263.5 199.1 125.5 192.0 12.7 33.8 170.4 53.8
7 51.9 126.9 130.2 88.7 144.7 11.7 68.8 191.9 35.2
8 68.3 37.9 38.1 15.1 64.4 11.6 38.8 98.6 39.6
9 81.2 21.2 21.1 18.8 45.9 12.6 20.8 123.4 53.9
10 91.3 8.2 8 .4 8.8 25.5 6 .4 8.7 138.6 82.7
11 96.9 2.6 2.8 3.0 12.0 2.1 3.1 71.5 89.5
12 98.6 1.6 1.7 2 .4 7.4 1.3 1 .9 161.0 74.9
13 99.3 0.7 0.8 1 .0 3.7 0 .6 0.8 211.5 85.3
14 99.7 0.3 0.3 0.3 1.5 0.3 0.3 117.3 122.4
15 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sp(i,j>** STANDARD DEVIATION OF MEAN ABSOLUTE PERCENTAGE DEVIATION
1 1.7 0.0 0.0 0 .0 - — 0.0 ------- ------- 0.0
2 6.1 450.3 18.4 0.0 ------- 8.4 73.0 348.9 69.1
3 10.1 108.2 126.1 0.0 73.8 10.2 216.3 79.9 53.7
4 15.7 41.2 46.5 0.0 75.1 9.0 151.4 169.0 58.5
5 22.4 73.4 85.0 29.6 65.7 8.7 177.9 90.9 57.3
6 25.7 382.2 333.5 155.5 319.1 10.2 45.9 243.3 35.4
7 25.7 231.5 241.4 189.8 259.3 9.3 104.8 270.2 22.0
8 19.7 45.5 47.2 19.8 78.2 8.1 57.5 74.2 33.0
9 15.4 22.2 22.7 19.7 41.9 7.2 26.3 97.2 33.8
10 7.7 10.5 10.7 10.5 23.8 5.8 11.2 157.1 50.8
11 3.2 2.2 2 .2 3.1 8.7 1 .5 2.3 63.8 120.1
12 1.5 1.5 1.5 1.4 5.8 1 .1 1.5 261.4 90.4
13 0.7 0.6 0.6 0.6 3 .4 0.6 0.6 242.0 73.2
14 0.4 0.4 0.4 0.2 1.5 0.4 0.4 183.1 149.9
15 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0
Average Yield: 72,195
Grand Mean Date: 7.3
MAPD for 5 Yr MA Estimates: 19.9
Relative Error Summary S ta tis tic s :
Average Timing (ACP)
Ratio Estimator (RAT) 
Censored Ratio (CR) 
Regression Estimator (REG) 
Linear Regression (LIN)
LIN Through Origin (ADJ UN) 
ACP c ' ( i - 3 , j )  -  (ACP PF)
LIN c ' ( i+ l , j )  -  (LIN PF)
S.D. o f Yields: 17,020
S.D. o f Mean Dates: 1 .6
S.D. o f 5 Yr MA MAPD: 14.9
Up to Mean Date At Mean Date
MAPD S.D. MAPD S.D.
145.9 119.8 33.1 17.5
124.4 102.2 31.6 16.4
62.4 65.5 23.6 15.9
123.9 124.3 42.4 19.9
14.5 7.7 13.3 8.1
99.1 62.2 21.1 11.3
157.4 104.7 106.8 160.0
72.0 28.7 76.7 73.5
* Catch data is  grouped in 3 day intervals -  Interval 1 starts June 1
** Calculated from a l l  years o f  record, 1961-1982
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Table 6. Summarization of forecasting resu lts for tem perature-stratified
chinook salmon catch data from the Yukon River, Alaska, 1973-1983.
Time







MEAN ABSOLUTE PERCENTAGE DEVIATION
1 1.5 886.3 - 12.5 _ 555.2 0.0
2 5.5 48.4 52.0 43.1 - 14.5 98.2 255.0 64.9
3 9.2 161.2 175.6 9.3 148.2 18.3 148.7 104.7 51.0
4 16.4 96.9 96.8 7.3 96.9 21.2 124.5 124.8 48.4
5 24.5 90.8 87.5 84.8 93.6 17.3 137.9 70.0 131.0
6 35.8 22.1 21.4 25.4 34.9 15.8 27.8 52.1 55.1
7 51.9 33.8 32.7 16.4 60.1 9.4 41.3 71.7 47.7
8 68.3 14.3 14.3 16.5 34.9 8.6 13.4 55.3 43.7
9 81.2 8.6 8.7 14.3 32.7 11.3 8.6 61.0 46.6
10 91.3 5.8 5.8 7.5 21.1 4.9 5.7 81.9 78.5
11 96.9 2 .7 2 .8 4.2 10.5 3.5 2.7 143.6 141.4
12 98.6 1 .7 1 .7 2.3 5.8 1.3 1.6 102.2 173.4
13 99.3 0.8 0.8 1.1 3.2 0.8 0.8 182.9 221.5
14 99.7 0 .4 0.4 0 .4 1.3 0.6 0.4 262.1 276.6
15 100.0 0.0 0.0 0.0 0.0 0 .0 0 .0 0 .0 0.0
sp ( i,j )* * STANDARD DEVIATION OF MEAN ABSOLUTE PERCENTAGE DEVIATION
1 1.7 _ _ 0.0 _ 0.0 _ 0.0 0.0
2 6.1 58.1 69.6 0.0 - 7.9 67.9 414.2 36.8
3 10.1 237.6 260.8 0.0 215.1 10.6 220.9 95.1 41.8
4 15.7 135.3 135.8 0.0 133.0 9.0 192.4 169.1 43.1
5 22.4 170.6 156.3 156.0 132.8 10.0 292.5 69.4 217.9
6 25.7 23.2 23.5 23.1 33.2 12.1 23.1 33.4 29.0
7 25.7 59.7 57.4 23.4 86.8 11.9 81.6 42.9 28.5
8 19.7 22.2 20.5 19.4 30.6 13.2 24.6 34.2 34.0
9 15.4 11.9 10.7 12.1 36.5 16.1 10.7 29.3 41.2
10 7.7 6 .4 6.8 10.9 20.5 5.4 7.3 60.6 57.8
11 3.2 1 .4 1 .6 2.5 9.2 4.2 2 .0 190.4 251.7
12 1.5 1.2 1.2 1.2 4.1 1.2 1.4 121.4 259.3
13 0.7 0.5 0.5 0.6 2.2 0.6 0.5 233.5 284.1
14 0.4 0.3 0.3 0.2 1.0 0.5 0.2 325.3 288.0
15 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average Yield: 72,196
Grand Mean Date: 7.3
MAPD for 5 Yr MA Estimates: 19.8
R elative Error Summary S ta tis tic s :
Average Timing (ACP)
Ratio Estimator (RAT) 
Censored Ratio (CR) 
Regression Estimator (BEG) 
Linear Regression (LIN)
LIN Through Origin (ADJ UN) 
ACP c ' ( i+ l , j )  -  (ACP PF)
UN c ' ( i+ l ,j )  -  (LIN PF)
S.D. o f Yields: 17,020
S.D. of Mean Dates: 1.6
S.D. o f  5 Yr MA MAPD: 11.7
Up to Mean Date At Mean Date
MAPD S.D. MAPD S.D.
64.4 63.4 16.3 11.3
65.6 64.3 16.7 11.0
48.7 58.3 14.3 11.1
68.9 72.6 28.5 28.5
16.3 10.6 12.1 15.6
79.0 87.1 14.9 9.6
95.9 81.6 74.5 55.8
69.2 51.9 127.0 218.2
* Catch data i s  grouped in  three day intervals -  Interval 1 begins June 1
** Calculated from a l l  years o f record, 1961-1982
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Figure 1 . B eh av ior  o f  the. p r e d i c t i v e  r e g r e s s io n  l in e s  
fo r  the lin e a r  model (LIN) fo r  the Yukon R iver  
ch in ook  f i s h e r y ,  c a lc u la t e d  from c a tc h  data 
f o r  th e  y e a r s ,  19 6 1 -1 9 8 2  ( t = l ;  r 2= .17 , t=3;
r 2= .37»  t=5; r 2=.47» t= 7 ; r 2= .5 2 , t=9; r 2=.65» 
t = l l ;  r 2= .98)






















Figure 2 . Com parison o f  th e  tim e  s e r i e s  o f  e s t im a t io n  
e r r o r  (MAPD) f o r  t h e  l i n e a r  r e g r e s s i o n  
e s t im a to r  (D ). th e  cen so red  r a t i o  e s tim a to r  
( o ) ,  and th e  f i v e  year  m oving a v er a g e  ( ) .
C a lc u la te d  from Yukon River s t r a t i f i e d  chinook  
c a tc h  f o r e c a s t s  f o r  t h e  y e a r s .  1 9 7 3 -1 9 8 3  
(Table 6 ) .
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The s e r i e s  o f  r e g r e s s io n  l in e s  u sed  fo r  th e  1983 estim a tes  are 
p lo t t e d  in  F ig u r e  1 .  The l i n e a r i t y  o f  th e  r e l a t i o n  b e tw e e n  th e  
c u m u la tiv e  ca tch es and annual y ie ld s  in crea ses  as the season progresses  
and i s  r e f le c te d  in  the in creasin g  c o r r e la tio n  c o e f f ic ie n t s  ( s e e  F ig u re  
1) .
A
A 95% p r e d ic t io n  in te r v a l for  0(4,1983)^11} by standard methods i s  
(55806 ,106754). The observed y ie ld ,  95 ,061 , i s  w ith in  the in te r v a l .
B r is to l  Bay so ck ey e  salm on abundance data was derived  by adding 
com m ercial c a tc h e s  and la g g ed  escapem ent c o u n ts  (Mundy 1 9 7 9 ) .  The 
a n n u a l d a ta  w h ic h  was n o t p u b lish e d  was o b ta in e d  from P h i l  Mundy 
(personal com m unication). The t o t a l  annual abundances fo r  th e  y e a r s ,  
1956-197  5 , had th e  h ig h e s t  v a r i a b i l i t y  o f  any o f  th e  f is h e r ie s  data 
in v e s t ig a te d . The c o e f f ic ie n t  o f  v a r ia t io n  for  t o t a l  abundances was 7 5 . 
In com parison, th e  CV for  th e  Yukon annual y ie ld  data was only 19.
The e r r o r s  o f  e s t im a t io n  were a lso  la r g e . For a l l  estim ators of 
an n u al abundance th e  MAPD o f  f o r e c a s t s  on or b e fo r e  th e  mean d a te  
exceed ed  50 p e r c e n t  (T a b le  7 ) ;  th e  lo w e s t  MAPD was a c h ie v e d  by the  
l in e a r  r e g r e s s io n  m odel (52% ). For f o r e c a s t s  on th e  mean d a te  th e  
c e n s o r e d  r a t i o  e s t i m a t e  had t h e  s m a l l e s t  MAPD (2 7 .6 % ). P er io d  
f o r e c a s t in g  e r r o r s  w ere h ig h  by b oth  th e  l in e a r  r e g r e s s io n  and th e  
average tim ing m ethods.
Sockeye salm on c a tc h  data from the Copper R iver was obtained from 
ADF&G for  the y e a r s , 1969-1983. Two years o f d a ta , 1979 and 1 9 8 0 , were 
excluded from the fo r e c a s tin g  procedures due to extended c lo su res  o f  the  
f is h in g  area .
Annual y i e l d s  w ere v a r ia b le  (CV=50) . The adjusted  lin e a r  model 
had the low est MAPD up to the mean date (19.9%) and th e  lo w e s t  MAPD at
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the mean date (12.8% ). The average errors by the r e s t  o f  the estim ators  
w ere c o m p a r a b le  to  th e  ADJ LIN m odel (T a b le  8 ) .  N o t ic e  th a t  th e  
c o e f f i c i e n t  o f  d e te r m in a tio n  f o r  th e  LIN m odel on t h e  f i r s t  t im e  
in t e r v a l  was o n ly  0 .0 1  and th a t th e  average error on th a t in te r v a l was 
greater than 50% (Table 8 , F ig . 5 ) .  By the th ir d  in te r v a l r^ = 0 .7 0  and 
the MAPD had been cut in  h a lf  (21%). The p e r io d  f o r e c a s t s  w ere a g a in  
inaccurate (LIN PF -  61%, ACP PF -  51%).
Lynn C anal so c k e y e  salm on ca tch  and CPDE data for  1969-1981 were 
obtained from ADF&G. 1975 d a ta  was e x c lu d ed  b eca u se  o f  an ex ten d ed  
c lo s u r e .  Both annu al c a tc h  and t o t a l  CPDE were v a r ia b le  during the 
years fo reca sted ; the c o e f f ic ie n t s  o f  v a r ia t io n  are r e s p e c t iv e ly  41 and 
26.
The Lynn Canal f i s h e r y  was in v e st ig a te d  in  order to  see  i f  th ere  
was any s ig n if ic a n t  in crea se  in  accuracy when w orking w ith  CPUE d a ta .  
As seen  in  T a b les  9 and 1 0 , f o r e c a s t s  o f  annual CPUE w ere s l i g h t ly  
b e tte r  than fo r  annual y i e ld .  The LIN estim ator perform ed much b e t t e r  
on th e  a v e r a g e  than the other e s tim a to r s , but s t i l l  error averaged 40% 
fo r  annual y ie ld  and 30% fo r  annu al CPUE (T a b les  9 and 1 0 ) .  In  th e  
e a r ly  p o r t io n  o f  th e  season the CV’s for  p ( i , j )  were very high and the  
r^ were v e r y  low (T ables 9 and 10 , F ig s . 7 and 9 ) .  N otice  th a t in  both  
cases a f iv e -y e a r  moving average e s t im a te  was b e t t e r  than  any o f  th e  
estim a te s .
Monthly lo b s t e r  CPUE d ata  from the Gisborne area , New Zealand i s  
from S a i la  e t  a l  ( 1 9 8 0 ) .  The d a ta  has been rearran ged  so  th a t  th e  
annual c y c le  b e g in s  in  Ju n e , which has been described  as the s ta r t  o f  
the season by Annala (1 9 8 1 ).
The a n n u a l  CPUE d a ta  w as v e r y  s t a b l e  o v e r  th e  s i x  y e a r s
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Table 7 . Summarization o f tbe forecasting resu lts for sockeye salmon to ta l 
abundance data from B risto l Bay, Alaska, 1966-1975.
Time







MEAN ABSOLUTE PERCENTAGE DEVIATION
1 0.0 226.1 130.2 83.0 . . . 80.5 250.6 80.9 92.9
2 0.0 127.1 179.7 235.9 ---- 53.8 290.4 254.3 80.9
3 0.2 98.4 94.2 178.8 110.0 58.4 145.7 99.7 83.8
4 8.6 109.0 94.8 71.1 84.4 44.4 128.0 58.6 46.3
5 20.1 79.7 76.5 77.7 74.1 44.6 96.8 52.7 41.6
6 40.2 52.4 52.6 50.1 51.5 44.7 53.2 48.9 37.1
7 60.6 32.7 34.5 27.4 37.3 36.7 33.3 50.0 51.8
8 77.4 20.4 -22.5 13.7 27.5 25.7 22.1 77.7 74.5
9 88.5 9.4 11.5 6.2 15.2 11.0 12.2 75.6 77.2
10 94.7 4.2 4.9 3 .0 9.7 5.2 5.4 86.8 83.8
11 97.8 1.7 1.7 1.5 7.5 1.9 1 .9 77.6 87.4
12 99.3 0.5 0.4 0.2 5.3 0.7 0 .4 50.4 53.2
13 99.9 0.2 0.2 0.1 3.1 0.3 0.1 89.7 97.9
14 100.0 0.0 0.0 0.0 1 .4 0 .0 0 .0 79.5 60.9
15 100.0 0 .0 0.0 0 .0 0.0 0.0 0 .0 0.0 0 .0
sp ( i,j )* * STANDARD DEVIATION OF MEAN ABSOLUTE PERCENTAGE DEVIATION
1 0.1 286.8 149.1 73.1 ---- 139.4 258.0 54.5 77.9
2 1 .0 73.9 292.0 267.2 ---- 38.7 201.3 316.4 50.4
3 2 .8 96.2 76.3 209.4 111.7 28.5 166.3 125.9 75.0
4 7.3 178.2 150.8 35.9 111.0 23.9 201.8 61.8 44.4
5 14.0 146.7 135.5 138.8 126.9 24.1 174.9 39.5 30.9
6 17.7 77.8 70.9 64.0 69.2 26.0 81.7 62.1 32.4
7 18.4 31.2 28.2 24.8 33.9 18.5 31.8 36.4 20.5
8 15.8 18.2 16.2 14.0 21.9 14.7 16.7 53.4 26.8
9 9.2 8.5 6.9 5.1 12.8 7 .8 6 .5 67.6 51.2
10 3 .9 3.5 3.1 2.5 8.6 3.3 2.8 82.1 77.6
11 1.3 0 .8 0.7 0 .8 6.7 1 .4 0 .6 55.8 87.2
12 0.5 0.2 0.2 0 .1 4.6 0.3 0.2 28.8 26.7
13 0.2 0.1 0.1 0.1 2.7 0.3 0.2 59.5 74.5
14 0 .0 0.0 0.0 0 .0 1.2 0.0 0.0 60.1 40.0
15 0 .0 0 .0 0.0 0 .0 0.0 0 .0 0 .0 0.0 0.0
Average Abundance: 1.49E+07 S.D. o f Abundance: 1 . 06E+07
Grand Mean Date: 6.0 S.D. o f  Mean Dates: 0.9
MAPD for 5 Tr MA Estimates: 48.1 S.D. o f 5 Yr MA MAPD: 29.6
Relative Error Summary S ta tis tic s: Up to Mean Date At Mean Date
MAPD S.D. MAPD S.D.
Average Timing (AGP) 102.6 75.2 28.8 14.8
Ratio Estimator (RAT) 94.5 72.7 30.9 15.6
Censored Ratio (CR) 87.7 70.9 27.6 15.6
Regression Estimator (REG) 66.5 59.3 30.2 14.0
Linear Regression (LIN) 52.1 24.6 36.2 15.9
LIN Through Origin (ADJ LIN) 133.9 72.5 27.9 13.8
ACP c '( i+ 1 ,j )  - (ACP PF> 92.5 60.7 61.3 73.0
LIN c ' ( i+ l , j )  - (UN PF)1 63.6 15.8 64.8 54.9
* Abundance data i s  grouped in 3 day intervals -  Interval 1 begins June 15
** Calculated from a l l  years o f record, 1956-1975
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Figure 3» B eh av ior  o f  th e  p r e d ic t iv e  r e g r e s s io n  l in e s  
fo r  the lin e a r  model (LIN) fo r  the B r i s t o l  Bay 
f i s h e r y ,  c a lc u la t e d  from so ck e y e  abundance  
d a ta  f o r  th e  y e a r s ,  1 9 5 6 -1 9 7 5  (t= 4; r 2= .4 0 ,
t=6; r 2= .6 9 , t=8; r 2= .9 0 , t=10; r 2=1.0)
























































Figure 4 . Com parison o f  th e  tim e s e r i e s  o f  e s t im a t io n  
e r r o r  (MAPD) f o r  t h e  l i n e a r  r e g r e s s i o n  
e s t im a to r  (□)* th e  r e g r e s s io n  estim ator  ( o ) , 
a nd t h e  f i v e  y e a r  m o v in g  a v e r a g e  ( ) .
C alculated  from B r is to l  Bay so ck e y e  abundance  
fo r e c a s ts  for  the years* 1973-1983 (Table 7 ) .
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Table 8 . Summarization of the forecasting resu lts for sockeye salmon catch 
data from Copper River, Alaska, 1976-1983, excluding 1979 and 1980.
Time





MEAN ABSOLUTE PERCENTAGE DEVIATION
1 3.1 53.0 66.4 40.5 ■______ 50.0 39.1 50.5 175.1
2 18.3 33.9 33.4 133.1 ------------ 27.6 21.6 74.7 42.1
3 38.8 30.3 29.1 74.4 29.0 21.9 19.7 49.2 39.2
4 59.3 15.6 14.5 62.8 19.9 15.7 12.9 34.7 36.4
5 73.0 9.9 10.0 7.9 15.7 10.6 9.5 32.0 33.5
6 83.3 7.6 7.7 6.7 12.1 8.4 7.3 32.2 33.0
7 90.4 5.3 5.4 4 .9 6.7 6.2 5.4 59.7 58.7
8 95.0 2 .4 2 .5 2 .4 1.9 3.0 2 .5  49.5 54.3
9 98.5 1.0 1.0 1.3 1.0 0.9 1 .0  76.0 74.0
10 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0
sp (i,j)* * STANDARD DEVIATION OF MEAN §
0 i i n
1 3.2 48.1 28.1 43.7 -  — 30.6 48.5 29.2 208.2
2 10.8 22.1 21.3 0.0 _ 21.4 14.4 75.0 25.2
3 15.4 14.4 12.6 0 .0 16.7 18.7 9.9 19.7 18.1
4 9.8 10.7 10.0 0.0 16.2 13.8 9.4 36.3 39.1
5 6.6 5.3 4.7 6.4 9.1 7.5 5.1 11.5 15.4
6 6 .0 6.8 6.7 8.8 4 .9 7.1 7.3 18.3 15=6
7 4.5 5.0 4 .9 6.0 4.3 5.0 5 .0 56.5 46.6
8 2 .4 2.5 2 .5 3.3 1.6 2.4 2.7 35.9 30.8
9 1 .0 1.3 1.3 1.3 0.6 1.3 1 .4  106.9 103.9
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average Yield: 636,062 S.D,. o f Yields: 314,595
Grand Mean Date: 4 .0 S.D. o f Mean Dates: 0.6
MAPD for 5 Yr MA Estimates: 48.7 S.D. o f 5 Yr MA MAPD: 48.3
Relative Error Summary S ta tis tic s : Up to Mean Date At Mean Date
MAPD S.D. MAPD S.D.
Average Timing (ACP) 30.0 20.0 17.5 14.9
Ratio Estimator (RAT) 30.2 17.9 16.3 13.9
Censored Ratio (CR) 65.5 8.4 18.1 0 .0
Regression Estimator (BEG) 24.7 16.3 20.2 17.0
Linear Regression (UN) 26.3 19.4 18.3 19.3
LIN Through Origin (ADJ LIN) 19.6 15.5 12.8 9.6
ACP c'(i+ l,.1 ) - (ACP PF) 52.6 23.9 29.7 16.6
LIN c ' ( i+ l , j )  - (LIN PF) 53.8 44.0 34.3 26.7
* Catch data grouped in  7 day intervals -  Week one begins May 10 
** Calculated from the years, 1969-1975, excluding 1979 and 1980
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Figure 5 . B eh av ior  o f  th e  p r e d ic t iv e  r e g r e s s io n  l in e s  
fo r  th e  l in e a r  m odel (LIN ) f o r  t h e  C opper  
R iv e r  so ck e y e  f i s h e r y ,  c a lc u la te d  from catch  
data for  the y e a r s , 1969-1983, e x c lu d in g  1979  
and 1980  <t  = 1 ; r 2 = .0 1 , t= 3 ;  r 2=„70, t= 4 ;  
r 2= .9 3 , t=5; r 2= .9 6 , t=7; r 2= .98)























Figure 6 . Com parison o f  th e  tim e  s e r i e s  o f  e s tim a tio n  
e r r o r  (MAPD) f o r  t h e  l i n e a r  r e g r e s s i o n  
e s t im a to r  (D )i th e  a d ju s te d  lin ea r  estim ator  
( o ) , and th e  f i v e  y ear  m oving average  ( ) .
C a lc u la t e d  from  Copper R iver  so ck ey e  c a tc h  
fo r e c a s ts  fo r  the years» 1976-1983 (Table 8 ) .



















Table 9 . Summarization of tbe forecasting resu lts for sockeye salmon catch  
data from Lynn Canal, Alaska, 1976-1981.
Time







MEAN ABSOLUTE PERCENTAGE DEVIATION
1 0.2 _ - ----------- - _____ ----------- ---- ---- ------------
2 0.9 168.0 148.3 ------------ ----------- 8.6 253.1 27.0 87.5
3 5.0 326.5 309.6 ------------ 348.1 43.8 388.6 521.7 57.4
4 12.5 146.4 137.4 ------------ 108.5 36.1 97.3 21.2 40.5
5 20.9 152.8 144.8 121.7 142.5 40.3 182.8 52.9 53.9
6 2 6.6 183.4 177.4 163.9 174.2 45.4 218.3 117.3 159.2
7 34.8 177.0 176.0 119.6 182.5 41.3 213.1 187.5 80.7
8 41.2 104.5 103.7 70.0 107.6 37.6 122.6 57.5 58.2
9 51.0 93.8 92.5 45.5 93.2 39.4 102.6 160.4 57.3
10 65.1 41.7 42.1 37.3 52.5 27.6 44.7 125.6 136.5
11 75.2 25.5 27.0 21.3 35.8 12.4 29.3 111.9 57.1
12 85.5 14.1 14.9 11.0 20.9 10.5 15.7 175.8 138.4
13 94.1 2.8 2 .9 2.9 6.4 2.4 3.0 129.3 151.2
14 98.2 0.5 0.5 0 .8 2 .4 0.6 0 .6 56.5 74.7
15 99.3 0.1 0.1 0.1 1.0 0.1 0.1 52.8 33.5
16 100.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0 .0
sp(i>j)** STANDARD DEVIATION OF MEAN ABSOLUTE PERCENTAGE DEVIATION
1 0.1 — ------------ ■■■■ - ----------- ------------ ----------- -----------
2 0.8 0.0 0.0 ------------ ----------- 0.0 0.0 0.0 0.0
3 4.0 166.8 152.1 ---- 333.6 19.5 146.6 146.5 22.0
4 8.7 166.4 161.9 ---- 123.6 37.7 51.2 39.2 37.6
5 12.2 129.7 123.3 107.8 127.9 31.8 156.8 38.6 37.2
6 15.0 172.4 165.3 166.0 170.1 33.0 206.7 142.5 227.9
7 17.8 222.6 217.7 140.3 239.8 23.4 263.6 286.3 52.2
8 17.9 86.1 85.3 91.7 92.9 24.4 108.6 37.6 23.4
9 19.1 73.3 71.9 64.0 73.9 21.5 87.6 113.3 39.6
10 14.4 32.7 33.5 27.7 39.8 21.7 37.6 132.4 128.8
11 12.6 26.3 26.3 21.0 33.3 9.3 27.4 114.2 46.1
12 9.7 9.2 9.6 8.8 11.6 5.6 10.1 115.4 130.4
13 7.9 2.3 2.5 2 .6 2.7 2.1 2.7 131.5 187.3
14 2.2 0.2 0.2 0.3 2 .0 0.3 0.3 33.8 52.3
15 0.9 0.1 0.1 0.1 1.0 0.2 0.1 36.4 22.5
16 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0 .0
Average Yield: 118,642 S.D . o f Yields: 48,971
Grand Mean Date: 9 .5 S.D. of Mean Dates: 1 .4
MAPD for 5 Yr MA Estimates: 30.1 S.D. of 5 Yr MA MAPD: 19.3
Relative Error Summary S ta tis tic s : Up to Mean Date At Mean Date
MAPD S.D. MAPD S.D.
Average Timing (ACP) 140.3 91.1 46.9 24.5
Ratio Estimator (RAT) 136.2 87.4 48.0 25.5
Censored Ratio (CR) 98.0 89.5 41.8 24.7
Regression Estimator (REG) 135.9 86.1 59.5 33.7
Linear Regression (LIN) 38.8 24.7 30.6 19.5
LIN Through Origin (ADJ UN) 158.4 101.4 48.0 30.8
ACP c ' ( i+ l , j )  -- (ACP PF) 126.6 80.1 169.0 139.6
LIN c ' ( i+ l , j )  -- (UN PF) 84.9 51.4 125.4 137.5
* Catch data grouped in 7 day intervals -  Week one begins May 28 
** Calculated from the years, 1969-1981, excluding 1975
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Figure 7 . B eh av ior  o f  th e  p r e d i c t i v e  r e g r e s s io n  lin e s  
fo r  the lin e a r  model (LIN) f o r  th e  Lynn Canal 
so c k e y e  f is h e r y *  c a lc u la t e d  from  c a tc h  data  
f o r  th e  y e a r s*  1 9 6 9 -1 9 8 1 *  e x c lu d in g  1975  
( t = l ; r 2= .0 3 , t = 3 ; r 2= .0 1 ,  t=5; r 2= .2 0 . t=7; 
r 2= .4 0 , t=9; r 2= .4 9 , t = l l ;  r 2= .92)
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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Figure 8 . Com parison o f  th e  tim e  s e r i e s  o f  e s t im a t io n  
e r r o r  (MAPD) f o r  t h e  l i n e a r  r e g r e s s i o n  
e s t im a to r  ( D ) » th e  c e n so re d  r a t i o  e s tim a to r  
( o ) , and th e  f i v e  y ear  m oving a v e r a g e  ( ) .
C a l c u l a t e d  from  Lynn C an a l s o c k e y e  c a tc h  
fo r e c a s ts  fo r  the years* 1976-1981 (Tahle 9 ) .






















Table 10. Summarization o f the forecasting resu lts for sockeye salmon CPDE 
data from Lynn Canal, Alaska, 1976-1981.
Time ADJ ACP LIN
Int* p(i»j)** ACP RAT CR BEG UN LIN PF PF
MEAN ABSOLUTE PERCENTAGE
ia
1 1.5 ■ „ — . ■ _____ ■ _ __ — ■ _
2 5.2 107.0 93.8 -------- -------- 36.0 246.6 71.6 68.4
3 11.8 408.8 389.2 -------- 307.5 32.0 495.7 27.7 38.8
4 16.8 208.3 193.0 -------- 147.4 32.6 251.7 31.0 56.1
5 24.8 143.5 133.3 105.9 120.4 30.8 162.5 147.8 115.4
6 31.0 137.7 130.2 110.0 121.3 25.2 149.4 129.7 101.5
7 40.4 135.7 132.0 46.9 134.9 32.1 142.5 79.7 227.1
8 48.4 39.8 38.9 32.2 39.4 22.7 42.3 26.2 25.7
9 58.3 38.2 37.1 16.7 36.7 24.0 39.6 91.9 56.7
10 71.0 18.7 18.5 12.9 27.5 17.0 19.1 70.0 69.8
11 81.4 10.6 10.7 6.1 20.8 10.1 11.5 68.9 63.0
12 90.6 5 .0 5.2 6.7 14.5 5.3 5.4 90.9 120.4
13 96.2 1 .1 1.1 1.9 6.1 1.0 1.1 71.9 158.5
14 99.0 0.3 0.3 0.2 2.5 0.3 0.3 58.4 69.7
15 99.6 0.1 0.1 0.1 1.0 0.1 0.1 88.1 96.6
16 100.0 0 .0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0
sp (i,j )* * STANDARD DEVIATION OF MEAN ABSOLUTE PERCENTAGE DEVIATION
1 0.8 . . .  . . . ___ _ _____ ______ _____ -------- -------- --------
2 4.5 0.0 0.0 -------- -------- 0.0 0.0 0 .0 0.0
3 7.6 192.8 178.7 -------- 96.7 29.0 232.1 48.0 12.9
4 10.6 169.4 164.1 -------- 123.1 30.5 195.1 47.3 68.6
5 13.4 113.7 105.2 55.2 99.4 35.3 124.5 117.6 93.9
6 15.6 146.5 137.2 63.7 130.5 33.3 155.2 98.0 64.6
7 16.9 215.9 208.9 55.9 215.4 33.1 223.5 78.6 314.0
8 14.0 23.7 22.0 0.0 19.9 23.8 27.0 16.2 22.5
9 9.2 26.4 24.7 15.8 22.0 25.1 27.3 87.8 71.7
10 7.8 9 .8 9.1 4.3 17.1 9.5 10.2 35.3 36.9
11 6.5 6.3 6.3 1.3 14.7 6.3 6.6 51.8 52.2
12 6.8 2 .2 2.3 2.2 9.4 2.7 2.5 52.3 112.6
13 1 .4 0.3 0.3 0.7 4.7 0.6 0.4 35.6 272.4
14 0.5 0.3 0.3 0.1 1.6 0.3 0.3 47.0 43.3
15 0.2 0.1 0.1 0.1 0.5 0.1 0.1 88.4 85.7
16 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0
Average Annual CPDE: 1152.7
Grand Mean Date: 9.2
MAPD for 5 7r MA Estimates: 24.5
Relative Error Summary S ta tis tic s :
Average Timing (ACP)
Ratio Estimator (RAT) 
Censored Ratio (CR) 
Regression Estimator (REG) 
Linear Regression (LIN)
LIN Through Origin (ADJ LIN) 
ACP c ' ( i+ l , j )  -  (ACP PF)
UN c ' ( i+ l , j )  -  (UN PF)
S.D. of Annual CPDE: 294.4
S.D. o f Mean Dates: 0.8
S.D. o f 5 Yr MA MAPD: 11.3
Up to Mean Date At Mean Date
MAPD S.D. MAPD S.D.
128.3 83.8 31.3 25.1
121.3 78.3 30.8 24.0
66.4 42.3 13.6 16.5
107.4 71.2 34.0 20.6
27.6 27.0 26.4 23.5
149.4 92.9 31.6 25.9
78.9 29.1 80.6 90.5
90.2 37.5 71.4 69.3
* CPDE data i s  grouped in  7 day intervals -  Week one begins May 28
** Calculated from years, 1969-1981, excluding 1975
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Figure 9 .  B eh av ior  o f  th e  p r e d i c t i v e  r e g r e s s io n  l in e s  
fo r  the lin e a r  model (LIN) f o r  th e  Lynn Canal 
f i s h e r y *  c a lc u la t e d  from  CPUE d ata  f o r  th e  
y e a r s ,  1 9 6 9 - 1 9 8 1 ,  e x c lu d in g  1 9 7 5  ( t  =3;
r 2= .01»  t=5; r 2= .0 3 , t=7; r 2= .3 1 , t=9; r 2= .45 , 
t = l l ;  r 2=.91)
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Figure 10 . Com parison o f  th e  tim e s e r i e s  o f  e s t im a tio n  
e r r o r  (MAPD) f o r  t h e  l i n e a r  r e g r e s s i o n  
e s t im a to r  (□ )»  th e  cen so red  r a t io  e s tim a to r  
( o ) , and th e  f i v e  year m oving a v era g e  ( ) .
C a l c u l a t e d  from  Lynn C an a l s o c k e y e  CPUE 
fo r e c a s ts  fo r  the y e a r s , 1976-1981 (Table 1 0 ) .






















Table 11. Summarization o f the forecasting resu lts for rock lobster CPUE data 
from Gisborne, New Zealand, 1970-1975.
Time







MEAN ABSOLUTE PERCENTAGE DEVIATION
1 9.1 39.2 39.9 32.7 — 18.6 45.6 38.7 20.5
2 20.6 19.2 19.4 14.9 _ 14.8 23.4 8.9 13.7
3 31.5 21.1 22.1 15.0 110.1 12.7 26.2 15.2 21.5
4 40.2 22.5 24.3 11.9 45.1 11.8 29.0 25.3 30.1
5 48.6 19.0 20.7 26.1 25.5 8.4 23.9 63.4 13.8
6 58.4 9.0 9.3 15.8 15.2 7.3 10.4 26.8 8.7
7 70.6 6.0 6 .0 14.1 15.9 5.8 6.1 16.3 15.5
8 81.3 6.2 6.3 13.8 16.0 6.1 6.3 28.0 38.4
9 88.4 4.8 5.0 6.6 8.8 3.9 5.2 49.8 51.5
10 93.1 2 .4 2 .6 0.7 2.1 3.1 2 .9 34.9 29.8
11 96.9 2 .0 2 .0 2.5 2.7 2.2 2 .0 78.1 80.0
12 100.0 0.0 0 .0 0.0 0.0 0.0 0 .0 0 .0 0.0
sp ( i,j )* * STANDARD DEVIATION OF MEAN ABSOLUTE PERCENTAGE DEVIATION
1 2.7 32.0 33.3 14.0 _______ 11.6 39.0 18.8 17.1
2 4 .0 13.9 14.4 8.6 ------------ 11.3 17.2 9.6 11.8
3 5.6 18.7 19.6 14.6 105.0 8.0 20.8 11.5 20.0
4 7.1 14.7 15.8 12.3 31.8 6.2 17.2 37.1 15.4
5 7.0 9.0 10.0 14.7 22.8 5.4 11.2 26.0 10.6
6 5.5 8.6 8.9 4.5 9.5 5.3 9.3 12.2 3.5
7 4.3 6.3 6.5 6.8 10.1 5.8 6.7 11.1 12.1
8 4.5 6.8 6.9 10.4 10.1 6.3 7.1 14.2 21.0
9 3 .9 5.6 5.8 5.8 5.6 5.2 6.0 42.5 39.8
10 2.7 3.4 3.5 0.2 2.6 2.6 3.6 35.2 13.7
11 2 .4 3.6 3.5 3.4 2.5 3.4 3.5 141.9 134.0
12 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0
Average Annual CPUE: 526.4
Grand Mean Date: 6 .0
MAPD for 5 Yr HA Estimates: 24.2
Relative Error Summary S ta tis tic s :
Average Timing (ACP)
Ratio Estimator (RAT) 
Censored Ratio (CR) 
Regression Estimator (REG) 
Linear Regression (LIN)
LIN Through Origin (ADJ UN) 
ACP c ' ( i+1, j ) -  (ACP EF)
UN c ' ( i+ l , j )  -  (LIN FF)
S.D. o f Annual CPUE: 44.8
S.D. o f Mean Dates: 0.6
S.D. o f 5 Yr MA MAPD: 12.1
Up to Mean Date At Mean Date
MAPD S.D. MAPD S.D.
21.6 14.5 9.9 6.2
22.5 15.3 10.2 6.1
19.8 11.7 17.9 4.8
48.8 33.9 18.7 11.7
12.7 6 .8 7 .8 5.6
26.2 17.1 11.2 6.0
29.2 14.3 31.6 27.7
18.3 8.3 8.0 4.5
* CPUE data is  grouped in monthly in tervals -  month one i s  June
** Calculated from a l l  years o f  record, 1963-1975
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Figure 11 . B eh av ior  o f  th e  p r e d ic t iv e  r e g r e s s io n  l in e s  
fo r  th e  l in e a r  m odel (LIN) f o r  th e  G isborne  
r o c k  lo b s t e r  f is h e r y *  c a lc u la t e d  from CPUE 
d a ta  fo r  th e  y ears*  1963-197  5 ( t= lj  r 2=.69» 
t = 3 ; r 2= .82»  t =5; r 2= .89»  t = 7 ; r 2= .97»  t=8; 
r 2= .98)
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Figure 12 . C om parison o f  th e  tim e s e r i e s  o f  e s t im a t io n  
e r r o r  (MAPD) f o r  th e  l i n e a r  r e g r e s s i o n  
e s t im a to r  (0 )>  th e  cen so red  r a t i o  e s tim a to r  
( o ) ,  and th e  f i v e  year m oving a v e r a g e  ( ) .
C a lc u la t e d  from  G isborne rock  lo b s t e r  CPUE 
fo r e c a s ts  fo r  the years* 1971-1975 (Table 1 1 ) .
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Table 12. Summarization of the forecasting resu lts  for bine crab catch data 
from V irginia, 1971-1980.
Time







MEAN ABSOLUTE PERCENTAGE DEVIATION
1 5.7 61.6 63.1 31.5 - 13.7 83.4 38.1 29.6
2 10.1 46.7 48.2 20.6 ------------ 12.9 59.7 36.4 32.2
3 13.1 49.4 50.4 24.3 67.6 12.2 57.6 48.3 39.7
4 18.4 46.3 47.3 21.2 57.9 13.9 51.3 49.9 34.2
5 26.3 28.8 30.5 31.9 29.8 12.3 33.9 40.6 21.9
6 37.0 16.3 16.6 16.3 14.0 10.9 18.0 32.6 17.4
7 49.5 9.6 9.1 9.2 7.6 9.6 9.6 23.4 18.3
8 62.7 5.9 5.5 4.2 4.9 8.2 4.8 17.6 18.0
9 74.4 4.1 3.9 3.8 3 .8 6.0 3.5 16.0 22.0
10 85.3 2 .8 2 .8 2 .8 3.1 4.1 2.8 38.7 40.7
11 90.3 2.1 2.1 2.2 2 .0 2.1 2.1 21.7 20.5
12 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sp (i,j )* * STANDARD DEVIATION OF MEAN ABSOLUTE PERCENTAGE DEVIATION
1 2 .4 82.1 83.1 31.4 -  , i i 10.6 99.3 35.1 17.9
2 3.4 56.1 58.1 17.4 ------------ 8.9 66.6 26.9 24.2
3 4.1 65.1 67.0 19.4 86.0 11.1 74.3 33.5 23.7
4 5.2 71.9 74.4 23.2 74.8 12.4 81.2 32.1 23.0
5 6.1 53.1 54.9 54.1 36.7 12.2 58.7 48.8 25.3
6 7.0 28.6 29.6 30.7 15.7 10.3 31.8 47.7 24.7
7 7.3 11.6 12.3 12.7 7 .4 8.1 13.3 31.1 18.4
8 6.6 4.2 4.4 4.3 3.1 6.0 5.3 12.6 11.7
9 5.2 2 .4 2.5 2.2 2 .5 4.8 3 .0 8.0 12.0
10 3.2 1 .8 1.9 2.1 2 .6 2.4 2.1 21.4 21.2
11 1 .9 1.2 1.3 1 .5 1 .5 1.6 1.3 12.7 15.3
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average Yield: 38.53E+06 S.D. o f Yields: 6 . 52E+06
Grand Mean Date: 7.3 S.D. o f Mean Dates: 0 .5
MAPD for 5 Yr MA Estimates: 11.0 S.D. of 5 Yr MA MAPD: 11.7
Relative Error Summary S ta tis tic s : Up to  Mean Date At Mean Date
MAPD S.D. MAPD S.D.
Average Timing (ACP) 34.0 44.2 7.4 4 .9
Ratio Estimator (RAT) 34.8 45.6 6.8 5.2
Censored Ratio (CR) 20.5 20.7 6.2 5.0
Regression Estimator (REG) 31.6 31.0 6.4 5.8
Linear Regression (LIN) 11.9 8.5 8.8 7.9
UN Through Origin (ADJ UN) 41.2 51.3 6.6 5.9
ACP c ' ( i+ l , j )  - (ACP PF) 37.3 22.1 20.2 14.1
LIN c '(i+ 1 ,3 ) " (LIN PF) 27.1 12.3 17.4 11.4
* Catch data grouped in  monthly in tervals -  Month one i s  January
** Calculated from a l l  years o f record. 1960-1980
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
Figure 13 . B ehavior o f  th e  p r e d i c t i v e  r e g r e s s io n  l in e s  
for  th e  l in e a r  m odel (LIN) fo r  th e  V ir g in ia  
b lu e  crab  f i s h e r y ,  c a lc u la te d  from catch  data 
fo r  th e  y ea rs*  196 0 -1 9 8 0  ( t = l ;  r 2=.33» t=3;
r 2= .5 7 , t=5; r 2=.80» t= 7 ; r 2= .8 2 , t=9; r 2=.93» 
t = l l ;  r 2=.97)
































Figure 1 4 . Com parison o f  th e  t im e  s e r i e s  o f  e s t im a tio n  
e r r o r  (MAPD) f o r  t h e  l i n e a r  r e g r e s s i o n  
e s t im a to r  (□ )» th e  c e n so re d  r a t i o  estim a to r  
( o ) , and th e  f i v e  y ea r  m oving a v era g e  ( ) .
C a lc u la t e d  from  V i r g i n i a  b lu e  crab  c a tc h  
fo r e c a s ts  fo r  the y e a r s , 1971-1980 (Table 1 2 ) .
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f o r e c a s t e d ,  1 9 7 1 -1 9 7 5 ; th e  CV was o n ly  8 .5 .  A l l  e s t i m a t o r s  w ere  
c o r r e s p o n d in g ly  a c c u r a te .  The l in e a r  r e g r e s s io n  estim ator performed 
very  w e l l .  The MAPD up to  the mean date was on ly  1 2 .7  p e r c e n t  and th e  
MAPD a t  th e  mean d a te  was 7 .8  p ercen t. The tim e s e r ie s  o f  MAPD’ s for  
the lin e a r  model were a lso  very  low (se e  F ig . 1 2 ) .
Monthly b lu e  crab  catches in  V irg in ia  were obtained  fo r  1960-198C 
from H ester (1 9 8 3 ). Catch f ig u r e s  are in  m illio n s  o f  pounds and are for  
hard crab land ings o n ly . Ten years o f  the f is h e r y  were backforecasted ; 
1971-1980, during t h is  period annual crab catch es were s ta b le  (CV=16.9).
The lo w e s t  MAPD f o r  f o r e c a s t s  p r io r  to  and on the mean date was 
achieved  by the lin e a r  r e g re ss io n  estim ator (MAPD = 11 .9% ). Which was 
a lso  the low est o v e r a ll  MAPD for  any o f  the f is h e r ie s  in v e s t ig a te d . The 
f iv e  year MA estim a te  averaged on ly  11% f o r  th e  te n  y e a r s  f o r e c a s t e d .  
The r e l a t i v e l y  a c c u r a te  MA f o r e c a s t s  a r e  a n o th er  good in d ic a tio n  o f  
s ta b le  annual y i e l d s .  In t h is  p a r tic u la r  s it u a t io n  th e  o n ly  ad van tage  
t h a t  th e  i n t r a s e a s o n  m o d e ls  have o v er  th e  MA m odel w ould be th e  
in crea ses  in  accuracy as the season p r o g r e sse s . N ote  th a t  th e  MAPD a t  
th e  mean d a te  was on ly  8.8% for  th e  lin e a r  m odel. The remainder o f the  
estim ators had even lower MAPD’ s a t  the mean (se e  Table 1 2 ) . The lin e a r  
period  fo r e c a s ts  averaged only 26 percent for  th e  whole season .
The r e la t iv e  e f fe c t iv e n e s s  o f  the e s tim a to rs , as based on the MAPD 
summary s t a t i s t i c s ,  i s  p r e se n te d  in  T ab le  1 3 . In  com p arison  to  th e  
other methods the lin e a r  reg re ss io n  estim ator  performed very  w e ll  during 
th e  ea r ly  p o rtio n  o f  a season  ( o v e r a l l  MAPD was 26%) . The n e x t b e s t  
estim ator was the censored r a t io  estim ator  (58.1% ). The CR o v e r a ll  MAPD 
may be m is le a d in g  in  th a t  f o r e c a s t s  w e r e  n o t  m ade on e v e r y  t im e  
in te r v a l .
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The l in e a r  r e g r e s s io n  m odel was th e  o n ly  method which could be 
used to make an e stim a te  on a l l  in te r v a ls  o f  th e  s e a s o n . The a verage  
tim in g  and r a t i o  e s t im a t o r s  o c c a s io n a lly  had errors in  excess o f  1000 
percent ea r ly  in  th e  season , however th e s e  v a lu e s  w ould be n o t ic e a b ly  
erro n eo u s and were not considered  as v ia b le  fo r e c a s t s .  On the average, 
average tim ing and r a t io  estim ates were made on 98 p e r c e n t  o f  th e  tim e  
in t e r v a l s  p r io r  to  and in c lu d in g  th e  mean d a t e .  In  comparison, the  
reg re ss io n  and c e n so re d  r a t i o  e s t im a to r s  averaged  7 9 p e r c e n t  and 65 
p e r c e n t  r e s p e c t iv e ly .  The r e g re ss io n  estim ator had the disadvantage o f  
being u n ca lcu la b le  u n t i l  th e  th ir d  i n t e r v a l  in  th e  s e a s o n . For th e  
c e n s o r e d  r a t i o  e s t i m a t i o n s ,  when none o f  th e  p a s t  y e a r s  met th e  
s e le c t io n  c r i t e r ia ,  e stim ates were not made.
The p e r io d  f o r e c a s t s ,  as seen in  each o f  the in d iv id u a l f i s h e r ie s  
and in  th e  o v e r a ll  MAPD’ s are in a ccu ra te . The l in e a r  p e r io d  f o r e c a s t s  
(LIN PF -  58%) seemed to  perform s l ig h t ly  b e tte r  than th e  average tim ing  
period  fo r e c a s ts  (ACP PF -  73%).
The a n n u a l f o r e c a s t s  on th e  m ean d a t e  o f  t h e  s e a s o n  were 
com parable in  e r r o r  by a l l  m eth od s. The lo w e s t  o v e r a l l  MAPD was 
achieved by the censored  r a t io  estim ate  (19%).
The a c c u r a c y  o f  t h e  l in e a r  m odel e s t im a te s  seem s to  be w e l l  
c o r r e la te d  w ith  th e  v a r i a b i l i t y  o f  th e  v a lu e  b e in g  f o r e c a s t e d .  A 
c o r r e la t io n  o f  th e  MAPD up to  the mean date fo r  each o f  the f is h e r ie s  
w ith  the corresponding CV’ s o f  annual perform ance was s i g n i f i c a n t i l y  
d if fe r e n t  from zero (r  = 0 .9 0 , t  = 4 .6 5 , P < 0 .0 0 5 ) .
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Table 13. O verall comparison o f  estim ator performances 
average o f  MFD summary s t a t i s t i c s  for a l l  o f  
in v e s t ig a te d .
as based on the  
the f i s h e r ie s
ADJ ACP LIN
ACP RAT CR REG LIN LIN PF PF
MAPD up to  mean date
X 7 4 .4 7 2 .2 58.1 69.1 26.5 86 .8 73.3 58.2
8 49 .2 46 .0 3 0 .4 40.3 14.8 60 .0 3 5 .2 27.3
MAPD a t mean date
X 22.6 22.8 19.9 28 .2 20.0 21.9 ----------- -----------
s 13.9 14 .5 11.6 16.6 11 .2 14.7 — —  — •»  — —




E ffec tiv e n e ss  o f  estim ators
The annual e s tim a to r s  w i l l  be d iscu ssed  in  the order suggested  by 
the fo r e c a s t  r e s u l t s .  Peer groups c o n s is t in g  o f s im ila r  estim ators w i l l  
be d e f in e d  and d i s c u s s e d .  The a v e r a g e  tim ing model (ACP). the r a t io  
e s t im a to r  (RAT), th e  a d ju s te d  l in e a r  e s t im a to r  (ADJ L IN ), and th e  
cen so red  r a t io  e s tim a to r  (CR) could a l l  be g en era lly  r e la te d  as s in g le  
parameter lin e a r  reg re ss io n  p r e d ic t iv e  m odels. The f i r s t  th r e e  m odels  
are very s im ilar  in  th a t the s lo p e  parameter i s  c a lc u la ted  from the same 
p a ir s  o f  h i s to r ic a l  cum ulative c a tc h  and an n u a l y i e l d  d a ta . The ACP 
e s t im a to r  and RAT estim ator performed alm ost id e n t ic a l ly ,  which was not 
unexpected s in c e  they were com p utationally  s im ila r . C uriously , the l e a s t  
sq u ares e s t im a te  o f  th e  s lo p e  parameter used by the ADJ LIN model was 
o fte n  very much d if fe r e n t  from e ith e r  o f  the e s t im a te s  produced by th e  
ACP and RAT m o d e ls . The f o r e c a s t s  by th e  ADJ LIN m od el, l i k e  i t s  
parameter e s tim a te s , were a lso  very  d i f f e r e n t .  D e s p ite  th e  d i f f e r e n c e  
in  i n d i v i d u a l  f o r e c a s t s ,  t h e i r  r e l a t i v e  a ccu ra cy  i s  n o t m arked ly  
d if f e r e n t .  Of a l l  the the e s t im a to r s  e v a lu a te d , th e s e  th r e e  had th e  
poorest performances during the e a r ly  p ortion  o f  a f is h in g  season . Past 
the mean date o f  a season th e se  e s tim a to r s  perform ed w e l l .  I t  may be  
for  t h is  reason th at th e  in tra sea so n  annual fo r e c a s ts  which are based on
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average performance have been  h i s t o r i c a l l y  c a l c u l a t e d  a t  th e  midway 
point o f  the  season ( i e .  Royce 1965) .
The c e n s o r e d  r a t i o  e s t im a t o r  (CR)» w h i l e  a l s o  b e in g  a s i n g l e  
parameter l in e a r  estim ator  o f  annual y i e l d ,  was somewhat d i f f e r e n t  from  
th e  o t h e r s  in  i t s  group. The data used to  estim ate  the s lope parameter 
are s e le c te d  on the premise th at  data from years w ith  s i m i l a r  p a t t e r n s  
o f  c a tc h  p r o v id e  a b e t te r  b a s i s  for  parameter estim ates  than do a l l  of  
the years o f  d ata . As described in  Chapter two. the  s e le c t io n  was based 
on  e i t h e r  s t a n d a r d  d e v i a t i o n s  o r  c o r r e l a t i o n  c o e f f i c i e n t s .  
S u rp r is in g ly ,  when compared to  the other three  s in g le  parameter m o d e ls ,  
th e  r e s u l t s  fo r  th e  CR estim ator  which used these  s e le c t io n  procedures 
seemed o f te n  to  provide some added o v e r a l l  a c c u r a c y .  In f a c t ,  th e  CR 
e s t im a t o r  was th e  secon d  b e s t  o f  the s ix  estim ators o f  annual t o t a l s .  
U n f o r t u n a t e ly ,  a prim ary r e a so n  f o r  low er av era g e  e r r o r s  w as t h e  
n o n - s e l e c t i o n  o f  h i s t o r i c a l  in fo r m a t io n  which p r e v e n te d  f o r e c a s t  
c a lc u la t io n .  N o n -se lec t io n  means that the period catches in  p a s t  annual 
d a t a  s e t s  were n o t  s u f f i c i e n t l y  c o r r e l a t e d  ( e g .  r < 0 .8 )  w i t h  th e  
current s e r i e s  o f  period  c a tc h e s .  In the s i tu a t io n  where fo r e c a s ts  were 
n ot made th e  la r g e  e r r o r s  w hich  were t y p i c a l l y  recorded for  the  ACP, 
RAT, and ADJ LIN models were avo ided . A lth ou gh  th e  f a i l u r e  to  make a 
f o r e c a s t  e x p la in e d  th e  red u ced  av era g e  e r r o r  in  many c a s e s ,  the CR 
estim ator o f te n  produced b e t te r  fo r e c a s t s  than the other methods in  i t s  
group . A good example can be  seen in  the fo re c a s t in g  r e s u l t s  fo r  the  
V irg in ia  blue crab f i s h e r y .  The average error by th e  CR e s t im a t o r  was 
f o u r te e n  percent lower than the  ACP and RAT average fo r e c a s t  errors  and 
fo r e c a s ts  were made on 96% of the  time in t e r v a l s .
In o r d e r  f o r  t h e  CR e s t i m a t o r  to  be e f f e c t i v e  th e  s e a s o n a l
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patterns  must be conservative  enough to  a llow  comparison on the b a s is  o f  
the c r i t e r i a  su ggested . I t  i s  a lso  important to  have a r e l a t i v e l y  large  
data base from which s e l e c t i o n  can o c c u r .  In  th e  b lu e  crab f i s h e r y *  
f o r e c a s t s  by t h e  CR e s t im a t o r  were made on a lm o st  a l l  i n t e r v a l s ;  
whereas* the  rock lo b s te r  CR fo r e c a s ts  were not made on every i n t e r v a l *  
perhaps b e c a u se  t h e r e  were few er y e a r s  o f  h i s t o r i c a l  data from which 
s e l e c t i o n  c o u ld  o c c u r .  A lthough  th e  CR e s t i m a t o r  showed r e d u c e d  
f o r e c a s t i n g  e r r o r *  th e r e  i s  n o t  a f a i r  com parison  w ith  th e  o th e r  
estim ators  s in c e  fo r e c a s ts  were not made on every time i n t e r v a l .  I t  i s  
d e b a ta b le  w hether  th e  f a i l u r e  to  f o r e c a s t  i s  an improvement over a 
h i g h l y  in a c c u r a t e  f o r e c a s t *  but th e  p o i n t  i s  m oot s i n c e  t h e  two  
param eter l i n e a r  r e g r e s s io n  estim ator was much b e t te r  o v e r a l l  than a l l  
estim ators in  t h i s  peer group.
The r e g r e ss io n  estim ator (REG) o f  sampling theory , in  a peer group 
by i t s e l f ,  a l s o  did not perform favorab ly .  However* the con stru ct ion  o f  
t h i s  e s t i m a t o r  i s  u n iq u e  among th e  o th e r  annual e s t i m a t o r s .  The 
estim ation  formula contains i n t e r e s t i n g  param eters  w h ich  in c o r p o r a t e  
i n t r a s e a s o n  d a ta  i n  a d d i t io n  to  th e  i n t e r s e a s o n  d ata  that the other  
estim ators  u s e .  R eca ll in g  Equation 2.4*
C(i»j)REG = W i )  C c ( i , j )  -  b ' ( i )  c ( i , j - l )  ] + b*(i)  C (i ,j-1 )
The component* ( N / i ) ,  r e p r e s e n t s  the in verse  o f  the percentage o f  the  
season which has occurred . As in  a l l  methods, c ( i * j )  i s  the c u m u la t iv e  
c a tc h  o f  th e  current season . In the remainder o f  the methods c ( i » j )  i s  
the independent v a r ia b le  o f  a l in e a r  model and i s  th e  o n ly  v a lu e  which  
i s  produced w i t h i n  th e  s e a s o n .  In the r e g r e s s io n  estim ator the s lop e  
param eter, b ' ( i ) ,  i s  a l s o  c a l c u l a t e d  w i t h in  t h e  s e a so n  and must be
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
65
updated on every in te r v a l  o f  the se a so n .  As e x p la in e d  in  Chapter tw o.  
t h i s  s lo p e  param eter  i s  a p a r t i a l  measure o f  the r e la t io n  between the  
p attern  o f  current catches and the  average  p a t t e r n  o f  c a t c h e s .  I t  i s  
t h e  i n c l u s i o n  o f  t h i s  component w hich  in c o r p o r a t e s  an i n t r a s e a s o n  
measure o f  the  r e la t io n  o f  current ca tches  to  the  a verage  p a t t e r n  t h a t  
makes th e  REG e s t im a t o r  u n iq u e .  U n fo r tu n a te ly ,  the r e s u l t s  obtained  
were not as promising as the co n stru c t io n  o f  the  estim ator . In r e la t io n  
to  the other annual estim ators  the REG estim ator ranked th ir d .
By f a r .  th e  most r e l i a b le  in traseason  annual fo r e c a s ts  during the  
e ar ly  season were produced by the l in e a r  r e g r e s s i o n  model (LIN) . The 
o v e r a l l  e r ro r  o f  f o r e c a s t s  on or b e f o r e  th e  mean d a te  o f  a f i s h in g  
se a so n  was at l e a s t  h a l f  th e  e r r o r  o f  th e  o th e r  annual e s t i m a t o r s  
(LIN-27%; next best  was CR-58%; ACP-74%). In a d d it io n ,  fo re c a s ts  by the  
LIN method were always w ith in  a r e a l i s t i c  range  a t  a l l  t im es  d u r in g  a 
s e a s o n ,  and were o f t e n  w i t h in  th e  h i s t o r i c a l  maximum and minimum. 
Likewise, the a b i l i t y  to  c a l c u l a t e  s t a t i s t i c a l l y  p r e c i s e  p r e d i c t i o n  
i n t e r v a l s  g r e a t l y  enhances l i n e a r  model f o r e c a s t s .  The p r e d ic t io n  
i n t e r v a l s  a l s o  p rov id ed  a good p e r s p e c t i v e  on th e  range o f  v a l u e s  
e x p e r ie n c e d  h i s t o r i c a l l y .  F in a l ly ,  an important c h a r a c te r is t ic  o f  the  
LIN model was i t s  a b i l i t y  to  produce v i a b l e  f o r e c a s t s  f o r  ev ery  t im e  
in te r v a l  o f  the season .
Although n o t  i n v e s t i g a t e d ,  i t  i s  p o s s ib le  to make fo r e c a s ts  when 
cumulative catch  remains a t  z e r o .  When c u m u la t iv e  c a tc h  i s  zero  th e  
f o r e c a s t  e q u a ls  th e  y - i n t e r c e p t  o f  the r e g re ss io n  l i n e .  By a l l  other  
methods e x c e p t  th e  REG e s t im a t o r  f o r e c a s t s  on t im e i n t e r v a l s  when  
cumulative catch was zero would a lso  be zero . This behavior i s  a d ir e c t  
consequence o f  the underlying l in e a r  model f o r  th e  ACP, RAT, ADJ LIN,
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and CR estim ators  which i s  f o r c e d  through th e  o r i g i n .  S in c e  th e  LIN 
model can produce estim ates  when no catches have been recorded i t  may be 
u se fu l  fo r  salmon f i s h e r i e s  in  which c lo s u r e s  e a r ly  i n  t h e  se a so n  are  
common.
Mechanically* th e  l i n e a r  r e g r e s s io n  model i s  very s im ilar  to  the  
simple a u to reg ress iv e  (SA) model suggested by Roff (1983) for  pre-season  
fo r e c a s t s .  In fact*  i f  a pre-season  estim ate o f  annual y i e ld  were to  be 
made by the lo g ic  o f  the in traseason  estimator* i t  could be considered a 
SA model o f  the form Ct + i = A+BCt  .
The concept o f  in traseason  updates ( fo r e c a s t s )  o f  annual estim ates  
h a s  n o t  b e e n  w i d e l y  a d d r e s s e d  i n  t h e  f i s h e r i e s  l i t e r a t u r e .  
M e n d e l s s o h n ’ s ( 1 9 8 0 )  u s e  o f  an updated t im e  s e r i e s  model in  the  
i n v e s t i g a t i o n  o f  a s k ip ja c k  tuna f i s h e r y  i s  a r a r e  i n s t a n c e  o f  an 
in t r a s e a s o n  f o r e c a s t .  However* only  one update was made and i t  was not 
n o t ic e a b ly  b e t te r  than the o r ig in a l  fo r e c a s t .  A dditionally*  th e  update  
procedure  i n v o lv e d  the  rather complicated r e f i t t i n g  o f  the time s e r ie s  
model. The m ethods d e s c r ib e d  h e r e  have t h e  a d v a n ta g e s  o f  becoming  
i n c r e a s i n g l y  a c c u r a te  as  th e  season progresses and o f  being simple to 
c a lc u la t e .
Wright (1981) acknowledged the ex is te n c e  o f  a group o f  intraseason  
update procedures which perta ined  d ir e c t ly  to  the  management o f  P a c i f i c  
salmon f i s h e r i e s .  Unfortunately* no s p e c i f i c  examples were described .  
However* according to  Mundy (personal communication) who p a r t ic ip a te d  in  
Puget Sound management and unpublished tec h n ic a l  l i t e r a t u r e  o r ig in a t in g  
from management agencies  in  W ashington and Oregon* i t  i s  l i k e l y  th a t  
Wright (1981 )  was r e f e r r i n g  to  models conceptually  s im ilar  to  the LIN 
model. A s p e c i f i c  example o f  such l i t e r a t u r e  i s  a N orthw est  In d ian
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F ish e r ie s  Commission (NWIFC) t e c h n i c a l  r e p o r t  on upd ate  methods f o r  
chum salmon abundance i n  d i f f e r e n t  a r e a s  o f  Puget Sound, Washington 
(Anon. 1982). The described  update models regressed t o t a l  abundance on 
cumulative catch or i n  some cases  cumulative catch d iv ided  by cumulative  
e f f o r t ,  th e  l a t t e r  b e in g  a r u d im e n t a r y  m ethod  o f  c a l c u l a t i n g  a 
c u m u la t iv e  CPUE. I t  would be more appropriate i f  the  cumulative catch  
was d iv ided  by a weighted sum o f  e f f o r t .  Weights would be determined by 
th e  t im e i n  th e  s e a so n  t h a t  th e  e f f o r t  was expended. Cumulative CPUE 
ca lcu la ted  in  t h i s  manner would be  a more u s e f u l  in d e x  o f  abundance.  
Mundy and S c h a l l e r  (1983) a lso  reported improved fo r e c a s ts  when annual 
y ie ld  est im ates  on the Yukon River were based on CPUE d a ta  r a th e r  than  
c a tc h  d a t a .  However, t h e  r e l a t i o n  between cumulative CPUE and annual 
y ie ld  i s  not apparent, o ther  than the f a c t  that c a tc h  i s  a p p r o x im a te ly  
proportional to  abundance o f  which CPUE i s  an in d ic a to r .  Sch a ller  (1984) 
showed fo r  the Copper R iver , Alaska sockeye f ish e r y  that CPUE data would 
p r o v id e  a v e r y  poor b a s i s  f o r  y i e l d  f o r e c a s t i n g  because o f  v a r ia b le  
c a t c h a b i l i t y .  These type o f  c o n f l i c t i n g  r e s u l t s  a r e  t y p i c a l  and the  
c o r r e c t  approach must be determined for each s p e c i f i c  f i s h e r y .  Wright 
(1981) mentioned th a t  v i r t u a l ly  any combination o f  ca tch  and e f f o r t  data  
i s  u sed  i n  in traseason  fo r e c a s t in g .  S p e c i f ic  combinations o f  data are 
probably used e i th e r  because there i s  improved f i t  to  a r e g r e s s io n  l i n e  
or simply because there  i s  a perceived  reduction in  fo re c a s t  error .
The i n t r a s e a s o n  fo r e c a s ts  described  by the NWIFC report po in t out 
the f a c t  th a t  the l in e a r  r e g r e s s io n  te c h n iq u e  u s in g  c u m u la t iv e  c a tc h  
data can be u se d  to  f o r e c a s t  annual performance in d ic a to r s  other than 
annual y i e l d .  For ex a m p le ,  c u m u la t iv e  c a tc h  can be an i n d i c a t o r  o f  
annual abundance and p o s s ib ly  annual escapement. I t  i s  u s u a l ly  only in
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th ose  s e l e c t  few salmon f i s h e r i e s  where t o t a l  enumeration o f  th e  s to c k s  
permits in v e s t ig a t io n  o f  th ese  prem ises.
A p o s s i b l e  improvement for  the  l in e a r  r e g r e s s io n  technique would 
be th e  e x p a n s io n  t o  a m u l t i p l e  r e g r e s s i o n  m o d e l  w h ic h  i n c l u d e s  
environmental or economic v a r ia b le s .  The v a r ia b le s  included should have 
some e f f e c t  on t h e  an n u a l y i e l d  or abundance* f o l l o w i n g  t h e  same 
r a t i o n a l e s  t y p i c a l l y  advanced for pre-season  fo r e c a s t  m odels. In the  
c a s e  o f  salmon f i s h e r i e s *  a r e le v a n t  v a r i a b l e  may be th e  mean a i r  
tem p era tu re  a t  th e  tim e o f  egg d e p o s i t io n .  A co ld  harsh w inter may be 
d e t r im e n t a l  to  egg and f r y  s u r v i v a l  w h ic h  a l t e r s  a b u n d a n c e  and 
u l t i m a t e l y  y i e l d .  In  the case  o f  the Chesapeake Bay b lue  crab f ish e r y  
H e s te r  (1 9 8 3 )  r e p o r t s  t h a t  wind may p la y  a v i t a l  r o l e  in  j u v e n i l e  
s u r v iv a l .  The in c lu s io n  o f  the wind data* lagged by the number o f  years 
u n t i l  recruitm ent may improve the p r e d i c t i v e  c a p a b i l i t y  o f  th e  l in e a r  
r e g r e s s i o n  m odels  f o r  t h a t  f i s h e r y .  The in c o r p o r a t io n  o f  exogenous 
v a r ia b le s  seems to  be a very  promising lead in  in t r a s e a s o n  f o r e c a s t i n g  
research .
U lt im ate ly  the most u s e fu l  information for  h arvest  co n tro l  w i l l  be 
accurate  assessm ents o f  period c a tc h e s .  The t y p ic a l  quer ies  co n c e rn in g  
t h e  t a r g e t  s p e c i e s  a r e  where* when and how many. Where the  f i s h  are 
loca ted  i s  e s ta b l ish e d  by the  source o f  the data b a s e .  The q u e s t io n s *  
when and how many* a r e  a d d r e ssed  in  p a r t  by an annual forecast*  but 
e v en tu a lly  s p e c i f i c  period fo r e c a s ts  must be developed .
By t h e  a v e r a g e  t im in g  method (ACP PF) th e  i n d i v i d u a l  p e r io d  
fo r e c a s t s  are a percentage o f  the ACP annual f o r e c a s t .  As was d iscussed  
p rev io u sly  the ACP annual fo r e c a s ts  were l e s s  than s a t i s f a c t o r y  ear ly  
in  the season . Therefore i t  would be expected that the  ear ly  season ACP
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p e r io d  f o r e c a s t s  be  i n a c c u r a t e .  In g e n e r a l*  h ow ever*  a l l  p e r i o d  
f o r e c a s t s  d u r in g  a season  were inaccurate and high errors  e a r ly  in  the  
season were not n o t ic e a b le .  Likewise* l a t e  in  th e  s e a so n  when annual  
fo re c a s ts  were accurate* corresponding low period fo r e c a s t  error was not  
ev id en t .  For a l l  o f  the f i s h e r i e s  i n v e s t i g a t e d  th e  a v e r a g e  e r r o r  f o r  
ACP p e r io d  fo r e c a s ts  was 80%. The error experienced in  the four salmon 
f i s h e r ie s  was approximately 100%* w h i le  th e  two c r u s ta c e a n  f i s h e r i e s  
averaged on ly  34%.
The r e s u l t s  f o r  l in e a r  period fo re c a s ts  (LIN PF) were a lso  f a i r l y  
inaccurate but were s l i g h t l y  b e t t e r  than the ACP f o r e c a s t s .  The o v e r a l l  
error  was 81%. A g a in  t h e r e  were la r g e  d i f f e r e n c e s  in  average error  
between the crustacean f i s h e r i e s  and the salmon f i s h e r i e s ;  t h e  av era g e  
errors were 28% and 66% r e s p e c t iv e ly .
The la r g e  d iscrep an cy  in  error i s  due to the nature o f  both types  
o f  f i s h e r i e s .  The d u r a t io n  o f  salmon f i s h e r i e s  i s  much l e s s  than a 
year* a s  a r e s u l t  th e  v a r i a b i l i t y  exp er ien ced  on any one in te r v a l  i s  
la r g e .  T yp ica lly  th e  salmon d a ta  were grouped i n  t h r e e  t o  s e v e n  day 
i n t e r v a l s ,  t h e r e f o r e  th e  d ata  i s  l i k e l y  to  be h i g h l y  s u s c e p t ib le  to  
v a r i a b i l i t y  caused by weather* e f fo r t*  and f i s h  b e h a v io r .  I f  t h e  same 
d ata  was grouped in  monthly in te r v a ls  the interannual v a r i a b i l i t y  would 
be much lower. U nfortunately a salmon m igration i s  seldomly longer than 
th r e e  m onths. Breaking a season in to  so few in te r v a ls  would defea t  the  
purpose o f  in traseason  fo r e c a s t in g .
In crustacean f i s h e r i e s ,  f i s h in g  occured during the whole year and 
the data were grouped in  monthly in t e r v a l s .  The seasonal p a t t e r n s  as  a 
r e s u l t  w e r e  c o n s e r v a t i v e  and i n t r a s e a s o n  f o r e c a s t i n g  was v e r y  
s u c c e s s fu l .
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
70
The d i f f i c u l t y  o f  f o r e c a s t i n g  any value for  a small in te r v a l  of  
time i s  one which i s  l ik e l y  to  remain u n t i l  h ig h ly  s p e c i a l i z e d  m odels  
are d e v e lo p e d .  The s i t u a t io n  could be compared to  weather fo r e c a s t in g ;  
a sc ien ce  in  which v a s t  amounts o f  d a ta  a r e  r e q u ir e d  to  make w eather  
p r e d i c t i o n s  th r e e  to  f i v e  days ahead. The s o p h is t ic a t io n  required for  
s im i la r  f o r e c a s t i n g  o f  p e r io d  c a t c h e s  i n  f i s h e r i e s  may n e v e r  be  
r e a l i z e d .  In b u s in e ss ,  such r e a l i t i e s  are taken for  granted. Business 
data i s  r a r e ly  forecasted  fo r  time in te r v a ls  shorter than a m onth . The 
most common i n t e r v a l  u sed  in  a n a ly s is  i s  the quarter. In f i s h e r i e s  a 
compromise between fo r e c a s t  accuracy and fo re c a s t  s o p h i s t i c a t i o n  needs  
to be developed.
Developement o f  an Intraseason  Forecasting System
The fo llow ing  d is c u ss io n  w i l l  be devoted to a r e c a p i t a l i z a t i o n  o f  
th e  s t e p s  i n v o l v e d  i n  t h e  d e v e lo p m e n t  o f  a s im p l e  i n t r a s e a s o n  
f o r e c a s t i n g  s y s t e m  f o r  a c o m m e r c ia l  f i s h e r y .  A lthough  s e v e r a l  
c a t e g o r i e s  o f  f i s h e r i e s  d a t a  have been i n v e s t i g a t e d ,  t h e  p r im a r y  
a p p l i c a t i o n  o f  t h e s e  p r o c e d u r e s  w i l l  probably be to  commercial catch  
data .
The system begins w ith  the  c o l l e c t io n  o f  the basic  f i s h e r i e s  d ata .  
I t  may be necessary to  standardize data in  cases where recording methods 
h a v e  c h a n g e d ,  a l th o u g h  th e  e v a lu a t i o n  o f  f o r e c a s t  e r r o r  p r io r  to  
standardization  attempts i s  s t r o n g l y  recommended. I f  th e  e r r o r s  are  
a c c e p t a b l e ,  th e  c o s t  o f  s ta n d a r d iz a t io n  i s  not j u s t i f i a b l e .  Once the  
d a ta  has been  p r o p e r ly  s t r u c t u r e d ,  th e  annual d a ta  s e t s  s h o u ld  be
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in sp e c te d  f o r  e x te n d ed  c l o s u r e s  o f  th e  f i s h i n g  s e a s o n .  Such y e a r s  
convey l i t t l e  inform ation about the seasonal behavior o f  the f i s h e r y  and 
may be excluded. Based on r e s u l t s  p r e sen te d  by B utt  (1 9 8 4 )  » y e a r s  in  
which l e s s  than 15% o f  th e  t o t a l  f i s h a b le  time in te r v a ls  are a c tu a l ly  
f i s h e d ,  and in  years in  which n many c o n s e c u t iv e  t im e i n t e r v a l s  which  
contain  more than 50% o f  the expected proportion o f  catch , p ( i , j - l ) »  are  
dubious records o f  th e  seasonal performance o f  a f i s h e r y .
A fter  t h i s  p o i n t  i t  i s  neccessary  to c h a ra c ter ize  the se a so n a l i ty  
of the d a ta . Average performance in fo r m a t io n  f u l l f i l l s  t h i s  c r u c i a l  
r e q u ir e m e n t .  By c a l c u l a t i n g  the time s e r ie s  o f  average proportion o f  
c a tch , the seasonal p a ttern s  o f  a f i s h e r y  become r e a d i ly  apparent. More 
i m p o r t a n t l y ,  a r e v i e w  o f  t h e  c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  both  
cumulative and period  percentage performances provides a good measure of  
th e  c o n s i s t e n c y  o f  a f i s h e r y ' s  s e a s o n a l  p a t te r n .  In many c a s e s ,  the  
CV's o f  average cumulative proportion of catch  are f a i r l y  h igh  e a r ly  in  
th e  t im e s e r i e s ;  a h ig h  v a lu e  i s  greater than f i f t y  p ercen t .  At some 
point in  the s e r ie s  the  CV's should gradually  drop below twenty p ercen t .  
The e a r l i e r  in  th e  t im e  s e r i e s  t h a t  th e  dropoff occurs then the  more 
u s e f u l  th e  s e a s o n a l  p a t t e r n .  I f  t h e  CV's f o r  p e r i o d  p e r c e n t a g e  
p erform ance are low, e g .  l e s s  than 20%, then per iod  fo r e c a s t s  expressed  
as a fu n ction  o f  annual fo r e c a s ts  may be s u c c e s s f u l .
I f  th e  s e r i e s  o f  CV's rem ain v e r y  h ig h  and i r r e g u l a r  p ast  the  
mid-way po int o f  the  season i t  may be n e c c e s s a r y  to  r e d e f i n e  th e  d a ta  
b a s e .  Some o f  th e  p o s s i b l e  o p t io n s  are as fo l lo w s:  1) red e f in e  the
f i s h i n g  se a so n ;  2) lo o k  a t  d a ta  from s m a l le r  g e o g r a p h ic a l  a r e a s ;  
3) s t r a t i f y  the data by endogenous c r i t e r i a  such as age , s i z e  or stock  
com position.
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When r e f i n e m e n t  o f  t h e  d a t a  b a s e  i s  n o t  p o s s i b l e  th en  d ata  
s t r a t i f i c a t i o n  by exogenous c r i t e r ia *  as suggested by Mundy (1 9 8 2 )*  may 
be w a r r a n te d .  However* as  shown in  th e  fo r e c a s t  r e su l t s *  the l inear  
r egress ion  model did not improve ap p r e c ia b ly  when s t r a t i f i e d  d a ta  was 
u sed  (T a b les  5 and 6 ) .  For t h i s  reason i t  may be neccessary  to compare 
the MSE’ s o f  the l in e a r  models using s t r a t i f i e d  and u n s t r a t i f i e d  data to  
judge whether or not s t r a t i f i c a t i o n  i s  warranted.
Once th e  d a ta  b a s e  has  been e s t a b l i s h e d  and characterized* the  
fo r e c a s t  methods can be a s s e s s e d .  As should be apparent by the fo r e c a s t  
r e s u l t s  f o r  th e  s i x  annual e s t im a to rs ,  the s e r ie s  o f  p r e d ic t iv e  models 
should f i r s t  be posed as two parameter l in e a r  r eg ress io n  m odels.
A fter  th e  r e g r e s s i o n  l i n e s  a r e  c a l c u l a t e d ,  i t  i s  in form ative  to  
in sp ect  the behavior o f  the l i n e s .  I f  th e  s e r i e s  o f  l i n e s  have sm a ll  
i n t e r c e p t s  and g r a d u a l ly  d e c r e a s in g  s lop es  then the l in e a r  r e g re ss io n  
model should provide accurate  fo r e c a s t  r e s u l t s  ( s e e  F i g .  1 1 ) .  On th e  
o th e r  hand , e r r a t ic  changes between re g re ss io n  l in e s  in d ic a te  p o t e n t ia l  
d i f f i c u l t i e s  ( se e  F ig .  9 ) .  To r e i n f o r c e  th e  im p r e s s io n s  g a in e d  from  
r e g r e s s i o n  l i n e  p l o t s ,  th e  c o e f f i c i e n t  o f  determ ination for  each l in e  
sh ou ld  be c h e c k e d .  V a lu es  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  z e r o  
in d ica te  a poor r e la t io n s h ip  betweem cumulative catch and annual y i e l d .
The f i n a l  a n a l y t i c a l  t e s t  o f  the p r e d ic t iv e  models i s  provided by 
an eva lu a tion  o f  the backforecasts  fo r  a p ort ion  o f  the data b a s e .  The 
s t a t i s t i c  u se d  f o r  f o r e c a s t  eva lu ation  in  t h i s  study was mean abso lu te  
percentage d e v ia t io n  (MAPD). Although MAPD i s  easy to i n t e r p r e t ,  t h e r e  
a r e  some problem s c o n c e r n in g  i t s  u s e .  The most important o f  which i s  
the  in te r p r e ta t io n  o f  MAPD when only  a few years are back forecasted . In 
g e n e r a l ,  t h e  r e l i a b i l i t y  o f  t h i s  average error s t a t i s t i c  in crea ses  as
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th e  number o f  y e a r s  o f  f o r e c a s t s  w h ic h  a r e  e v a l u a t e d  i n c r e a s e s .  
Probably  a more s a t i s f a c t o r y  measure o f  r e l a t i v e  accuracy o f  fo re c a s ts  
w i l l  be the MSE. The confidence in  a fo r e c a s t  w i l l  be r e f l e c t e d  by th e  
width o f  the p r e d ic t io n  in te r v a l  which i s  a function  o f  MSE and sampling 
v a r i a b i l i t y .
Once th e  b a c k f o r e c a s t s  have been eva luated  i t  must be determined 
w hether or n o t  th e  p r e c i s i o n  o f  th e  f o r e c a s t s  i s  a c c e p t a b l e .  To 
a c c o m p l i s h  t h i s  i t  may b e  u s e f u l  to  compare th e  o v e r a l l  MAPD o f  
fo r e c a s ts  on or before  the mean date to  the CV o f  annual y i e l d .  As was 
seen for  the  l in e a r  model the MAPD i s  u s u a l ly  higher i f  the values  being  
forecasted  are h ig h ly  v a r ia b le ;  which i s  an understandable r e la t io n  (see  
T able  1 4 ) .  I f  p r e d i c t i o n  i n t e r v a l s  e x c ee d  th e  h i s t o r i c a l  range o f  
v a lu es  no inform ation has been conveyed.
I f  the r e l a t i v e  p r e c is io n  o f  the f o r e c a s t s  i s  not accepted* i t  may 
be p o s s i b l e  to  f i n d  c o v a r ia n t s  o f  annual y i e l d  w h ic h  c a n  t h e n  be  
incorporated in  m u lt ip le  re g re ss io n  p r e d ic t iv e  m odels. As was suggested  
e a r l i e r  in  t h i s  chapter lagged environmental data may be u s e fu l  for such 
a p p l ic a t io n s .
The u l t i m a t e  t e s t  o f  th e  f o r e c a s t i n g  p r o c e d u r e s  i s  an a c t u a l  
a p p lica t io n  during the  course o f  a s e a s o n  (Mundy and S c h a l l e r  1 9 8 3 ) .  
Comparisons o f  t h e  f o r e c a s t s  to those  o f  the harvest co n tro l  manager’ s 
should be reviewed to  d e te c t  ways o f  improving the  m o d e ls .  At th e  end 
o f  th e  s e a so n  t h e  f o r e c a s t  errors should be c a lc u la te d ;  i f  acceptable*  
the  parameter e s t im ates  fo r  the  p r e d ic t io n  models should be updated.
I f  a system o f  adequate p r e d ic t iv e  models can not be formulated by 
th e se  m ethods th e n  a t  l e a s t  some q u a n t i t a t i v e  u n d er s ta n d in g  o f  th e  
s e a s o n a l i t y  o f  th e  f i s h e r y  has been ob ta in ed . The person resp on s ib le
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f o r  th e  a n a l y s i s  w i l l  a l s o  have an in c r e a s e d  u n d er s ta n d in g  o f  t h e  
f ish e r y  by which r e sp o n s ib le  judgements can be made.
T a b l e  1 4 .  C o m p a r i s o n  o f  a v e r a g e  e r r o r  i n  f o r e c a s t s  
on or b e f o r e  th e  mean d a te  and the  v a r i a b i l i t y  of  
annual perform ance f o r  the  se v en  d ata  c a t e g o r i e s .  
Both CV’ s and MAPD’ s are  c a l c u l a t e d  from fo r e c a s t  
years o n ly .
01 MAPD
Yukon River chinook catch 23 15
B r is to l  Bay sockeye abundance 71 52
Copper River sockeye catch 49 26
Lynn Canal sockeye catch 41 39
Lynn Canal sockeye CPUE 26 28
Gisborne rock lo b s te r  CPUE 9 13
V irg in ia  blue crab catch 17 12




I t  i s  now apparent th a t  th e  la r g e  e r r o r  and v a r i a b i l i t y  which  
occurred in  fo r e c a s t s  by the ACP estim ator can be improved by u se  o f  a 
l i n e a r  r e g r e s s io n  model ( e g .  LIN e s t im a to r ) .  The LIN estim ator and the  
ACP estimator* are developed from l i n e a r  r e g r e s s i o n  models which u s e  
c u m u la t iv e  performance as an in d ica tor  o f  annual performance. Although 
the two methods r e a c t  s im i la r i ly  to  changes i n  c u m u la t iv e  perform ance  
t h e  e f f e c t s  on LIN f o r e c a s t s  a r e  dampened by th e  i n c l u s i o n  o f  an 
in te r c e p t  parameter in  the underlying model. As a r e s u l t  the f o r e c a s t s  
are l e s s  v a r ia b le  and more accurate e a r ly  in  a f i s h in g  season.
The r e l a t i v e  p r e c is io n  o f  fo r e c a s ts  by the LIN model was linked to  
the v a r i a b i l i t y  in  the seasonal p attern  for  a p a r t ic u la r  f i s h e r y .  I t  was 
u s e f u l  to  c a l c u l a t e  t h e  average  p r o p o r t io n s  o f  performance and t h e ir  
corresponding c o e f f i c i e n t s  o f  v a r ia t io n  to  determine the c h a r a c te r i s t ic s  
of the sea so n a l  pattern  and i t s  s u i t a b i l i t y  for  in traseason  fo r e c a s t in g .  
In addition* the  standard techniques a sso c ia ted  w ith  the LIN model were  
a great improvement over the methods p rev iou sly  used to ch aracter ize  the  
behavior o f  in traseason  fo re c a s t in g  techniques by the ACP e st im ator . In  
p a r t ic u l a r *  t h e  c o e f f i c i e n t  o f  determ ination, p r e d ic t io n  in te r v a ls  and 
r e s id u a l  p lo t s  were va luab le  for  a s s e s s in g  t h e  h i s t o r i c a l  perform ance  
inform ation.
The p e r io d  f o r e c a s t s  t h a t  were eva lu a ted  d isp layed  large  errors
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and a g r e a t  d e a l  o f  v a r i a b i l i t y .  However, as w i t h  t h e  LIN a n n u a l  
e s t i m a t o r  t h e  LIN p e r i o d  f o r e c a s t  m ode l may be improved by the  
incorporation  o f  exogenous var iab les*
The o v e r a l l  f o r e c a s t  r e s u l t s  f o r  the  salmon f i s h e r i e s  were 
adequate, but in  sev era l  cases  the a n a ly s is  should have been  perform ed  
on more s p e c i f i c  management u n i t s  o f  a f i s h e r y .  The r e s u l t s  for  the  
crustacean f i s h e r i e s  were very  good because the two f i s h e r i e s  e x h i b i t e d  
con serva tive  season a l p a t te r n s .  The low v a r ia b i l i t y  in  the  patterns  was 
p a r t ia l ly  due to  the long f i s h in g  seasons and the smoothing e f f e c t  th a t  
i s  a c h ie v e d  by grou p in g  d a ta  fo r  large  time in te r v a ls  such as months. 
Undoubtedly, however, the  s ta b le  p a ttern s  o f  e f f o r t  and o f  a v a i l a b i l i t y  
o f  th e  t a r g e t  s p e c i e s  c o n t r ib u t e d  to  th e  c o n s e r v a t iv e  nature o f  the  
seasonal patterns  o f  the crustacean f i s h e r y .
In g e n e r a l  th e  p r o c e d u r e s  f o l lo w e d  p r o v id e  a r a p id  means fo r  
in sp ect in g  a f i s h e r y  and for  learn ing  i t s  c h a r a c t e r i s t i c s .  S p e c i f i c a l ly  
th e  methods provide a convenient s tru c tu re  for  documenting the behavior  
o f  the h i s t o r i c a l  data for  a f i s h e r y .
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The r a t i o  and r e g r e s s i o n  estim ators  are used to  estim ate  se v er a l  
b a s ic  parameters o f  f i n i t e  p op u la t ion s .  The p o p u la t io n  a t t r i b u t e s  o f  
i n t e r e s t  are  th e  pop u la t ion  mean* Y, and the population  to ta l*  Y. The 
c o l l e c t i o n  o f  N catch  observations* made on evenly  spaced time in te r v a l s  
d u r in g  a f i s h i n g  season *  i s  th e  p o p u la t io n  c o n s id e r e d  in  t h e  y ie ld  
f o r e c a s t i n g  problem . The sum o f  th e  c a t c h  o b s e r v a t io n s  (Y^) i s  the  
population  t o t a l  or the annual y i e l d .  The p o p u la t io n  mean r e p r e s e n t s  
t h e  a v e r a g e  c a tc h  f o r  a l l  t im e  p e r io d s  i n  a s e a s o n .  Note t h a t  NY 
equals Y.
The primary co n c e rn  o f  sampling theory  i s  to  der ive  e s t im ates  o f  
population mean and the p o p u la t io n  t o t a l  w ith o u t  m easuring  t h e  w h ole  
p o p u la t io n .  The same i s  tru e  in  the f i s h e r i e s  fo re c a s t in g  problem; i t  
i s  d es ir e a b le  to  know the  annual y ie ld  b e fore  the season i s  ov er .
The m ost  b a s i c  means o f  a c h i e v i n g  such  e s t i m a t e s  would be to  
c a l c u l a t e  sa m p le  s t a t i s t i c s  from  a random s a m p le .  The sa m p le  
o b s e r v a t io n s  are denoted by lower case characters* i e .  y^. The sample 
mean* y» would be an est im ate  o f  the popu lation  mean and Ny would be an 
estim ate  o f  the  population  t o t a l .
However* i t  i s  o n l y  p o s s i b l e  to  ta k e  a t r u e  random sample o f  
period  catches when the season has ended. By the end o f  the s e a s o n  th e  
annu al y i e l d  i s  known and i t  i s  no lo n g e r  n e c e s s a r y  to est im ate  the  
population t o t a l .  The i n a b i l i t y  to  randomly sample c a tc h  o b s e r v a t i o n s  
during a season i s  an unfortunate departure from sampling theory .
Regardless o f  t h e  im p r o p e r  s a m p l in g *  t h e  b a s i c  methods fo r
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c a lc u la t in g  popu lation  est im ates  can s t i l l  be fo l lo w e d . The use o f  y to  
e s t i m a t e  Y and Y may b e  u s e f u l  f o r  f i s h e r i e s  i n  which th e  tim e  
d is tr ib u t io n  o f  period catches i s  approxim ate ly  u n ifo rm . However few  
f i s h e r i e s  have such seasonal d i s t r ib u t io n s .  Consider a f i s h e r y  in  which 
monthly ca tch es  are approxim ately  b e l l  sh a p ed . A ru n n in g  a v e r a g e  o f  
p e r io d  c a tc h e s  w i l l  tend to  under-estim ate the population  mean p r ior  to  
the midpoint o f  the  season; and then o v e r - e s t i m a t e  t h e  mean u n t i l  th e  
end o f  the season .
To a v o i d  t h i s  problem  i t  i s  u s e f u l  to  in c o r p o r a t e  a d d i t i o n a l  
inform ation about the  seasonal pattern  o f  c a t c h e s  i n t o  th e  e s t i m a t o r .  
The s e a s o n a l  b e h a v io r  o f  a f i s h e r y  i s  o f te n  w e l l  described  by average 
perform ance, w h ich  i s  d e s ig n a te d  th e  t im e  s e r i e s  o f  a v e r a g e  p e r io d  
c a tc h e s .  Two methods suggested  by Cochran (1977) which w i l l  incorporate  
t h is  a d d it io n a l  inform ation are the r a t io  and r e g re ss io n  e s t im a to r s .
The r a t i o  e s t im a t o r  compares n sample va lues  y£ to corresponding 
a u x i l i a r y  v a r i a t e s  xj_. Or i n  t h i s  c a s e ,  th e  s e r i e s  o f  c u r r e n t ly  
a v a i la b le  period ca tches  to  the s e r ie s  o f  average p e r io d  c a t c h e s .  The 
p o p u la t io n  r a t i o  i s  e s t im a t e d  from t h e s e  two s e r i e s .  From Cochran's 
Equation 6.1*
R = [ y / x ] = [ y / x ]
A A
yRAT = R X = t y / x ] X
where.
A
R = population  r a t io  e s t im a te ,  i e .  the r a t io  Y/X
A
Y = population  t o t a l  e s t im a te ,  i e .  annual y ie ld  etim ate  
y = average o f  current catches to  date
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
84
x = average o f  corresponding average period catches
y = c ( i » j )  = current cumulative catch  to date
x  = c ( i , j - l )  = average cumulative catch to  date
X = C ( j - l )  = known population  t o t a l  of x^» i e .  the average
annual catch
T h e r e fo r e ,  the es t im ate  o f  current year annual catch equals the average  
annual y ie ld  fo r  t h e  f i s h e r y  m u l t i p l i e d  by th e  r a t i o  o f  th e  c u r r en t  
cumulative catch to  the average cumulative ca tch .
As m en tion ed  in  Chapter tw o . th e  r a t i o  e s t im a to r  performs w e l l  
when th e  r e l a t i o n  o f  Y^ and X  ^ i s  l in ear  and goes through the o r ig in .  
I t  i s  not n e c c e s s a r i ly  true that a r egress ion  o f  current per iod  c a tc h e s  
and av e r a g e  p e r io d  c a t c h e s  p a sse s  through the o r i g i n .  Therefore, the  
re g re ss io n  estim ator  developed by Cochran (1 9 7 7 )  has been  t e s t e d  as  a 
y ie ld  es t im ator . From Cochran equation 7 .1 .
A
Yreg = y + b ( X - x )
where.
A
Y = population mean e s t im a te ,  i e .  estim ate o f  average period ca tch  
fo r  season
X = the  popu lation  mean o f  X  ^ or the average o f  average period  catch  
fo r  a l l  N p er iod s  o f  a season ,  
b = s lop e  o f  r e g r e ss io n  o f  y i  and X£.
Since th e  r e s t  o f  th e  y i e l d  e s t im a t o r s  have been  posed  i n  term s o f  
c u m u la t iv e  c a t c h e s .  E q uation  7 .1  has been m o d if ie d  in  the  fo llow in g  
manner:
A
N Yreg = N [ y + b X - b x ]
A
Yreg = N y + b X - N b x
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■?REG = N/ n C y - b x ]  + b X  
Which i s  equ iva lent to  Equation 2.4»
$ ( i . j > R E G  = N / i  C c ( i , j )  -  b » ( i )  c ( i , j - 1 )  ] + b ' ( i )  C ( j - l )
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APPENDIX B
FISHERY DATA BASES
















1957 1958 1959 1960 1961 1962 1963 1964
.  l / . ‘
1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
■ ■ w v ± * j /  ----
1 46 0 825 1596 5972 6891 1881 17754 1627 2 4 8 293 2970 5918 1503 32123 4 0 922 3038 2782
2 3011 13714 10541 10494 49844 20718 57571 84537 18391 115850 22011 450846 28304 3242 60706 64 20697 22673 20889 7500
3 7258 70876 90252 84630 250750 698298 71200 51907 71582 1448890 122546 746292 435098 130553 924719 17859 23495 50369 345697 32826
A 161928 388767 171712 359506 535138 1275560 1412970 2 5 2 3 513506 2317050 375942 1934000 1160910 1303830 3136760 177549 175809 84133 1410170 1427360
5 410414 830536 354511 851615 2080010 2487010 63025 684298 346454 5184630 1486900 2835150 1854180 3675320 7944180 335591 741153 229849 2474430 2447550
6 858872 893826 123300 2668790 4657850 4174340 3628600 1140100 1848950 10011700 5209890 121950 2038870 4119270 7481810 1124910 406108 2865750 4180910
7 2063780 2165320 1591670 172570 8224000 3773180 288060 1720270 1945410 9520510 4310370 1300850 10Q1740 4592310 8994970 2540770 122190 646465 1759100 4439370
8 3380290 2862910 860741 1900770 7408290 2569580 1060350 1525060 3420730 830230 3524600 650753 710800 2 2 2 1 0 5097390 204380 956302 365287 923351 4606560
9 6427570 1892710 481753 2469820 6432880 1685720 687628 517241 1353330 5831070 915762 232050 312006 1368040 3146880 3290540 263932 125626 441081 3599880
10 5150520 512772 141150 1197820 379220 394494 526593 226653 329711 5110240 776274 344378 13223 743628 1182290 2547360 70902 49296 315293 1622360
11 2029170 377159 12141 640068 1749200 165957 244908 136492 299092 2843130 27649 81539 46057 264559 506814 1638580 40015 34266 60813 731668
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VITA
Erik  John Barth was born on March 28, 1959 in  Portsmouth, V ir g in ia .  He 
a tte n d e d  V i r g in ia  P o ly t e c h n ic  I n s t i t u t e  and S t a t e  U n i v e r s i t y  in  
B la c k sb u r g ,  V i r g i n i a  and grad u ated  in  June, 1980 with a Bachlelor o f  
Science in  Forestry  and F ish e r ie s  Science . He was g r a n ted  a b y p a ss  o f  
Master o f  Science a t  Old Dominion U n ivers ity  in  1981. He i s  a member of  
Phi Kappa P h i .
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